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EXECUTIVE SUMMARY

The Navy and the California State Lands Commission entered into a Cooperative Research and
Development Agreement for the development of seismic design criteria for waterfront
construction. Both organizations face similar problems in the safe design of facilities and the
need for a design guide. The California State Lands Commission (CSLC) has oversight of over
sixty marine oil terminals, some of which are over 80 years old and built to unknown standards.
Typically, they were built to resist minor earthquake intensity. New earthquake hazard
information from recent events such as Loma Prieta (1989) and Northridge (1994) indicate that
much higher intensities are possible. It is prudent that these facilities be evaluated and unsafe

deficiencies corrected.

This task has produced NFESC TR2103-SHR “Seismic Criteria for California Marine Oil
Terminals” by Ferritto et al.; Volumes 1 and 2 dated July 1999. The document develops and
expands on work that was begun by the Naval Facilities Engineering Service Center to provide
seismic design criteria for waterfront construction. The cited report presents criteria that are
intended to define a minimum level of acceptable performance for marine oil terminals and
includes in addition to the criteria, seven chapters and three appendices of technical supporting
material. The development of the criteria recognized the need to protect the environment from oil
spills, the need to provide for the transfer of required natural resources into the State and the
economics of operating a commercial facility in a competitive market. The development of this
guide has taken the approach of providing reasonable and prudent levels of design consistent
with the state-of-the-art of engineering practice. The document is intended to be dynamic in
nature; it is expected that it will be revised and updated by the experience gained through usage.

This report is the third volume of the guide and presents a design example case study prepared
by Professor M. J. N. Priestley of the University of California, San Diego. The design example
uses the criteria and performance limits in the evaluation of a typical wharf structure. The
procedures used in this example are presented in Chapter 3 of Volume of the Guide.
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SEISMIC ASSESSMENT OF TW0-SEGMENT MARGINAL WHARF

THE STRUCTURE:

The structure is illustrated in Fig.1. The reinforced concrete deck consists of two
segments, each 110 ft wide by 400ft long, connected by a central shear key, and has a
uniform depth of 33in. Five lines of prestressed piles (A through F) support the deck at
20 ft centers in the transverse direction. Support in the longitudinal direction is also at
20 ft centers along all except line F, the landward row, where the spacing is 10 ft. The
free ground surface provides a minimum clearance of 2 ft (at the landward edge, and for
5 ft beyond line F towards line E), then slopes at 1:1.75 uniformly. Clear heights of the
piles are indicated on Fig.1. A cut-off wall at the landward edge of the wharf is pinned to
the bottom of the wharf deck, and allows the ground surface beyond the wharf to be level
with the deck surface.

The prestressed piles are 24 in. diameter circular piles, prestressed with 16-0.6 in. strands,
as shown in Fig. 2. Strand area is 0.215 sq.in, UTS is 270 ksi, and stress after transfer
and losses is 216ksi. For this case study, two details of transverse spiral reinforcement
are considered to illustrate aspects of ductility and strength capacity. The first, W20 (Asp
= 0.20 in®) @ 2.5 in. pitch represents good confinement as expected from new design.
The second, W11 (A, =0.11 in®) @ 6.0 in. pitch is representative of older, substandard
design. Spirals are ASTM A82 steel, with a yield stress of 70 ksi, and cover to the
spirals is 3.0 in. Concrete strength, including strength gain with age is assessed to be 7.0
ksi. Piles are founded on a firm gravel layer at a depth of 120 ft below deck level.

Connection between piles and deck is by 8410 grade 60 rebar dowels, with an assessed
yield strength of 66 ksi. Connection details for the two cases considered are shown in
Fig. 3. Inthe case of the well confined pile, spirals are continued into the deck, and the
dowels are terminated by straight bar extensions 3 in. below the top of the deck. Inthe
case of the older piles, no spirals are provided in the deck, and the dowels are bent
outwards 12 in. below the deck surface to provide anchorage. This is expected to provide
joint shear problems.

GROUND CONDITIONS
The foundation consists of quarry run overlaid by 3 ft of rip-rap. Geotechnical advice
has resulted in an assessment that maximum soil resistance is reached at a soil
displacement of 0.5 in., regardless of depth, and that maximum soil strength increases
linearly with depth according to the relationship

pur = 0.5z kip/in (1)

Where z is the depth below ground surface in ft, and pui is the maximum soil resisting
force on a 1.0 in. height of pile. Thus, at a depth of 20 ft, the maximum soil resistance is

p20= 0.5x20 = 10 kip/in.
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If a soil spring represents a tributary pile height of 2 ft, the maximum spring force is thus
F20= 10x24 = 240 kips,

And, since the peak resistance is reached at a displacement of 0.5 in., the elastic spring
stiffness is

k20=240/0.5 = 480 kip/in.
Soil spring characteristics are assessed to be elasto-plastic.
SEISMICITY

The structure is to be assessed for Level 2 (Damage control) response only, in accordance
with the design spectrum of Fig. 4 which is tabulated in Table 1. Some tentative
conclusions related to a level 1 earthquake whose intensity, for this case study, is
assumed to be 40% that of the level 2 earthquake will also be made. The assessment will
primarily be based on response spectrum analyses, but a time-history analysis using a real
earthquake record scaled to have similar spectral response in the period range of interest
will also be considered.

RESULTS
Detailed calculations are included in a Calculations Appendix. Representative listings of
computer input and output are also included in a Computer Input/Output Appendix. This

report contains only a summary of these detailed results, and describes decisions made in
the analysis process.

Structural Weight:

For computation of the effective structural weight, one third of the pile weight for a
length of pile from the deck soffit to 10ft (5xD) below the rip-rap surface is added to the
deck weight. A tributary length of the wharf of 20 ft is considered, for which the weight,
including self-weight, a uniform piping and equipment load of 35 psf, and tributary
weight of the piles is found to be

W =1022.3 kips/20 ft.
The center of weight is 55.44 ft from the landward edge. (see pC1)

Seismic Axial Force in Piles

Estimates of the range of seismic axial forces in the piles are based on an initial estimate
of the pile moment capacity of about 6000 kip.in. (see page C2). The procedure followed
on pC2 is based on the following steps:

e Assume all piles have a pile top moment of 6000 kip.in, at the deck centerline
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TABLE 1 475 YEAR DESIGN SPECTRUM (xg) (57 damping)

PERIOD ACC. Xg
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02 138
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04 126
05 115
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For equilibrium, deck moment at piles A and F =6000kip.in
For interior piles (B to E), assume pile moment equally divided to each side on deck
(i.e 3000 kip.in each side)

e At pile F, there are two piles each 20ft, so effective total deck moment there is
12000kip.in/201t.

e Beam shear is found as the sum of beam moments at the two ends of a span divided
by the span length (see eqns, pC2)

e For equilibrium, sum of beam shears on either side of a pile = seismic axial force.
Note that for interjor piles the beam shears effectively cancel, to result in only small
axial force changes. At F, the beam shear Vgr is divided between the two F line piles
in the 20ft width.

Pile Moment-Curvature calculations:

Calculations for these are included in pages C2 to C7. Data for the moment-curvature
analyses and listings of the output are given in sub-appendix A of these calculations.
Total axial force on the piles is estimated to vary between about 0 and 200 kips, and
calculations are carried out for three levels of force: 0, 100, 200 kips, as a consequence.
The programs used for moment-curvature analysis include the effects of enhancement to
concrete compression strength and ultimate compression strain capacity resulting from
confinement provided by the spirals, and differentiate between the unconfined cover
concrete and the confined core. This is very important in this example, as the cover isa
large portion (47% to center of the spiral) of the section area, and spalling of the cover at
comparatively low strains dramatically influences the moment-curvature response. This
is illustrated in the moment-curvature curves for the prestressed sections and the doweled
connection detail which are shown in Fig. 5-8. As a consequence of cover spalling,
ultimate moment capacities tend to be less than the peak values before cover spalling,
particularly for the prestressed section when confined by the lighter W11 spiral.

The curves plotted in Figs 5-8 continue to the curvatures corresponding to the ultimate
strains corresponding to the damage control (Level 2) limit state. Calculations for
ultimate compression strains are included on pC3. Note that the ultimate curvatures are
much lower for the section confined by the W11 spiral than when confined by the W20
spiral. Note also that the ultimate curvature is reduced as the axial force on the section
increases. However, over the range of axial load considered, the influence of axial force
on moment capacity and ultimate curvature is not great. A summary of limit state
moments and curvatures is included on p C6 of the calculations. The moments and
curvatures for the damage control limit state for the prestressed section with ‘W20 spirals
@ 2.5 in. correspond to the calculated ultimate strain capacity 0f0.021. This exceeds the
design level of 0.008 recommended for in-ground hinges (see p3-62 of resource
document). However, for safety evaluation of an existing structure, the higher strain
corresponding to unacceptable damage is probably more appropriate than the lower limit,
which is intended to guard against long-term corrosion following a seismic event.
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Pile Pushover Analyses:

In comparison with the piles, even the F-line piles, the 33 in thick deck is essentially
rigid. This means that it is not necessary to model the deck flexibility in the pushover
analyses. Section 4 of the calculations reports pushover analyses of the 6 pile heights (A
to F) using two methods of analysis — inelastic Winkler foundation plus inelastic piles,
and an equivalent depth to fixity analysis (pile F only). For the first case it is necessary
to approximate the pile moment-curvature curves shown in Figs. 5 to 8 by equivalent
simpler curves. The pile-top moment-curvature relationships for W20 spirals at 2.5 in
centers can be adequately represented by elasto-plastic relationships (see p.C9). The
comparison for the critical F-Line pile is shown in Fig. 9.

Because prestress delays cracking of the prestressed sections until the moment is close to
50% of ultimate capacity, the elastic portion of the moment-curvature section for
prestressed sections is represented by a bi-linear relationship (pC10 to pC12). The
inelastic portion is represented by a perfectly plastic curve. A comparison between the
calculated moment-curvature relationship and an equivalent tri-linear (Muto)
approximation is shown in Fig. 10. The agreement is very good in the elastic stage, but
considerable differences exist in the plastic due to strength loss resulting from cover
spalling, followed by strength increase from strain hardening. Note that the strength loss
will probably be less than predicted by the moment-curvature analysis, since this does not
include the influence of soil confinement on the cover concrete, which can be expected to
delay, and reduce the influence of, cover spalling.

Spring-model for Inelastic Pushover Analysis: The pushover is carried out on a pile-
by-pile basis, as suggested on pp3-54 and Fig.3-23 of the resource document. A similar
model was used for all piles, with the basic difference being the clear height between the
deck soffit and the ground surface. The basic model used is shown on pC13 of the
calculations. Note that the top fixity of the pile is assumed to occur at a height of 12.6in
above the soffit to model the additional flexibility caused by strain penetration.

The top elements of the pile are modeled by the deck-connection characteristics (figures
on pC9), with lower elements modeled by the prestressed section characteristics (figures
on pC12). For the F-Line pile members 16-19 have the connection characteristics, while
for other piles, the top 4ft plus the strain penetration element have the connection
characteristics. Note that the strain-penetration element is elastic- this forces the pile top
plastic hinge to form at the soffit.

The soil springs have the bilinear characteristics defined in the section above on Ground
Conditions. Calculations for the spring stiffnesses are included in pC14. The bottom 5
springs are given elastic characteristics, since the displacements at these depths will be
much less than the yield displacement of 0.5 in.

Pushover analyses tend to become unstable when the structure forms a full inelastic
mechanism, as occurs when hinges have formed at the deck soffit and at some depth in-
ground. It can be difficult to determine the maximum strength and displacement capacity
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with accuracy in these cases. To avoid this problem, a stiff spring (member 35,
pC13)was placed in parallel with the pile at the pile top. This meant that the structure
would always have positive stiffness, even when the pile had fully plastified. Note that
this trick will also work if the pile has a strain-softening (negative second slope stiffness)
characteristic after yield.

There are several inelastic pushover computer programs available. We have used an
Inelastic time-history program “Ruaumoko” for all structural analyses, for convenience.
It is possible to “fool” an inelastic time history analysis program to perform a pushover
analysis by specifying a very slowly increasing acceleration ramp, which generates
gradually increasing inertia forces on the structure. This has to be done slowly enough so
that the higher modes of the structure are not excited. Ruaumoko has special facilities to
enable pushover analyses, but it is emphasised that any inelastic time-history analysis
code could be used if a special purpose pushover program is not available.

Input data for the pushover analysis for the F-Line pile is included in pp A-19a to A-19c.
The data echo, which helps to explain the input, is listed in pp A-19d to A-19j. Listings
for the force displacement response of each of the piles is also included in Appendix A,
in pp A-20 to A-25 for piles A to F respectively. These data are also plotted in Fig. 11,
and listed against a unified displacement base in Table 2 (located after Fig.11). Note that
the data in Table 2 only are provided to a maximum displacement of 8.55in. This is
calculated to be the ultimate displacement capacity of the critical F-line piles, based on
the pile top hinge. Calculations for the displacement limits are given in ppC15 to C17.
Note that these limits are only calculated for the F-line pile, since the larger displacement
capacities if the other piles are of only academic interest. It will be noted that the
displacement capacity of piles with W11 spirals at 6 in pitch, at 3.63in (pC16) is less than
half that for the W20 @ 2.5in pitch.

Examination of Fig. 11 shows the very great differences in stiffness between the F line
and other piles. It is also apparent from this figure that the yield displacements for the
piles greatly increase as the clear height increases. This means that the final strengths of
the piles, though still exhibiting high variations, are not as pronounced as variations in
initial stiffness, which indicated that calculations based on initial stiffness are likely to be
unreliable.

Fig. 12 shows moment profiles in the upper regions of the F-line pile at displacements
close to first yield (0.94 in) and at maximum expected displacement (4.22 in). It is seen
that the in-ground hinge forms at about 90 in (3.75 D) below ground surface. Elastic
analyses would predict a lower height. The early yield of the weak upper soil springs
means that the hinge is forced lower in the pile. It will be seen also that the moment
profile close to the hinge varies only gradually, supporting the adopted plastic hinge
length of 1.8D

For interest, Fig.13 plots moment profiles in the upper regions of the piles for Piles F, E

and D, at displacements corresponding to full mechanism development. It will be noted
that the in-ground hinge forms much higher in the longer piles. This is because the

11
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TABLE 2 PILE FORCE DISPLACEMENT RESPONSE

DISP F E D C B A TOTAL FED CBA
0 0 0 0 0 0 0 0 0 0
0.4 5393 1388 415 1.78 0.93 0.55 129.15 12589 3.26
0.6 79.71 2082 6.22 267 14 082 191.35 18646 4.89
0.8 100.19 27.76 83 356 1.86 11 24296 236.44 6.52
1 117.38 3469 10.37 445 233 1.37 28797 279.82 8.15
1.2 12363 4053 1244 535 279 165 310.02 30023 9.79
1.4 128 4545 1452 624 326 192 327.39 31597 11.42
1.6 131.56 50.04 16.59 7.13 3.72 219 34279 329.75 13.04
1.8 13494 5454 1867 8.02 4.19 247 357.77 343.09 1468
2 138.14 5875 2074 891 465 274 37207 35577 16.3
22 140.97 6291 2216 9.8 512 3.02 38495 367.01 17.94
24 14361 658 2361 1069 558 329 396.19 376.63 19.56
26 14629 67.09 2497 1158 6.05 3.57 40584 38464 21.2
2.8 148.15 68.16 26.31 1247 6.52 3.84 413.6 390.77 22.83
3 148.26 69.22 2763 1336 6.98 4.11 417.82 393.37 24.45
3.5 148.57 71.54 30.81 1523 814 4.8 427.66 39949 28.17
4 14863 738 3375 166 9.31 549 43621 40481 31.4
4.5 148.71 76.03 36.55 18.06 10.47 6.17 4447 410 347
5 148.77 77.65 38.38 19.38 11.38 6.86 451.19 413.57 37.62
5.5 148.81 77.71 39.17 2068 12.16 7.54 454.88 4145 40.38
6 148.84 77.48 39.95 21.97 12.93 823 45824 41511 43.13
6.5 148.86 77.52 40.74 2326 13.63 8.85 461.72 415.98 4574
7 148.88 77.61 41.71 2446 1428 9.3 46512 417.08 48.04
7.5 1489 7761 421 2574 1498 975 467.98 417.51 5047
8 14893 7761 427 2675 1568 102 470.8 418.17 52.63
8.55 148.95 7762 432 27.2 16.38 10.65 472.95 418.72 54.23
Note: Total = 2*F+E+D+C+B+A
FED = 2*F+E+D
CBA = C+B+A
Forces in Kips, Displacement in inches
13
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maximum shear force developed in the longer piles is much less, and as a consequence,
less depth of soil is required to resist the pile shear. This sort of information is only
available from a full inelastic analysis, as carried out here.

Equivalent Fixity Model for Pushover: Section 4.5 of the calculations (pp C18 to
C19) investigates the equivalent depth to fixity approach, and compares results with the
more detailed inelastic pushover analysis. One of the problems with the depth to fixity
approach is to know what value to use for the pile stiffness.

On pC18 two approaches for effective pile stiffness are tried. The first makes the
approximation that the pile effective moment of inertia is equal to that of the dowel
connection stiffness at first yield, over the full length of the pile. It is found that this
results in an excessively flexible pile, with force-deflection stiffness only about half of
that found from the more detailed pile pushover.

As shown on pC18, it is found that it is necessary to use variable moment of inertia up
the height of the pile in order to accurately capture the elastic force-displacement
stiffness. The dowel connection moment of inertia is adopted over the top 44in (plus the
strain penetration length of 12in), with the remainder of the pile being given the
uncracked section moment of inertia. This is appropriate since the pile doesn’t crack
below ground level before the dowel connection reaches yield moment. Equations are
given on pC18 to determine the position of the point of contraflexure (distance 1; below
the effective top of the pile), and hence, on pc19, to calculate the effective force-
displacement stiffness, based on simple moment-area principles. A very close prediction
of the actual stiffness results. Fig.14 compares predicted moment distributions with
depth for the full inelastic push, and the variable-stiffness equivalent depth to fixity
model at a displacement of 0.96in (94% of yield). It will be seen that very good
agreement is obtained in the upper regions, but the moments in the region of the in-
ground hinge are greatly overestimated by the equivalent depth to fixity model. Thus
even if the depth at which the in-ground hinge develops can be estimated, the equivalent
depth to fixity model will predict that the in-ground hinge will develop too soon. This
would result in underestimating the displacement capacity based on the in-ground hinge
strain limits.

Composite Pushover Response for 20ft Deck Segment: The pile pushover responses
are summed in Table 2 to provide the composite force-displacement response for a 20ft
segment of bridge, making due allowance for the increased number of piles on the F-
Line. These data are also plotted in Fig. 15, together with a bi-linear approximation to
the curve, to be used in later analyses.

In Fig. 16, and Table 2, the data in Fig. 15 are separated into two components, one
representing the composite stiffness of the piles on the F, E, and D lines, and the other the
composite stiffness of the piles on C, B, and A lines. Bi-linear approximations are also
given for these curves. Data defining the bi-linear approximations are listed on pC33,
and are needed for the inelastic time history analyses.
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METHOD “A” ANALYSIS

Calculations for the single-degree-of-freedom Method A analysis are included in pages
C21 to C23. This is a purely hand analysis approach, and very simple. An initial period
of T = 0.602 sec is predicted, with a maximum displacement under pure transverse
excitation of 3.78 in. Using the displacement amplification factor of Eqn 3-19 to account
for torsional excitation and simultaneous longitudinal and transverse response, a
maximum displacement of 5.23 in. is predicted. This is well within the capacity of the
piles with W20 spirals @ 2.5 in centers, but above the capacity of the less well confined
W11 @ 6in piles. Displacements under the Level 1 earthquake are found by direct
scaling of the results for the Level 2 response, to give an estimate of 2.13 in. This is just
acceptable for both pile designs.

Tt should be noted that the above assessment relates only to flexural response. It is
possible that shear or joint failure could result in a lower assessed displacement capacity.

This is in fact found to be the case for the W11 design.
METHOD “B” ANALYSIS

The method B multi mode analysis is carried out on a single wharf segment. As pointed
out in the resource document, there is little point in carrying out a modal analysis of the

linked wharves, as the nature of the interface between the segments cannot be adequately

represented by an elastic analysis.

To simplify the analysis, the 400ft x 110t segment, which contains 140 piles, is
represented by an equivalent simplified structure containing 4 “super piles”. These
provide equivalent translational and torsional stiffness of the actual structure.
Calculations on pp €24 and C25 show how the characteristics, and locations of the piles

are defined.

The wharf segment is, of course, three dimensional. It is possible, however, to
adequately describe it by a two-dimensional approximation, using a plan simulation. As
shown in the sketch at the bottom of pC25, the four super-piles are represented by 2-D
horizontal springs, providing the same lateral stiffness in transverse and longitudinal
directions as the tributary piles of the super-pile. It can be argued that this may be
adequate for determining the displacement response of the wharf, but will tell us nothing
about the deck moments. This is true, but it must also be recognized that a full 3-D
elastic analysis of the entire wharf segment, with all 140 piles separately modeled, and
the deck represented by a 2-D grillage, or by a grid of shell elements, will also tell us
nothing about the deck moments. The only way of finding these is from an inelastic
analysis, and the easiest way to do this is to calculate the displacements at the pile tops
from the simplified model described herein, and determine the corresponding pile top
moments from results of the individual pile pushover analyses. These can then be
applied as input moments to simpler models of the deck to determine the deck moments.
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The model shown in pC25 includes stiff linking members between the super-piles to
ensure effectively rigid in-plane behaviour of the deck.

The modal analysis of the 2-D simulation was carried out using Ruaumoko, though any
dynamic analysis program would be suitable. Input data for the analysis is included in p
A-26 of Appendix A, and the data echo and modal results from the analysis are listed in
pp A-27 to A-30. The analysis indicates three significant modes. The first and third,
with periods of 0.743sec and 0.503sec are longitudinal modes combining direct
translation and torsion. Participation factors of 0.642 are calculated for both modes. The
second mode, with T=0.602 sec has 100% participation in the transverse direction, and is
identical to that calculated by the method A analysis.

Mode shapes for longitudinal response are shown on pC26. These refer to locations of
the “super piles”. On pC27, the necessary calculations to convert these to displacements
at the corner piles of the wharf segments are noted, with the adjusted mode displacement
components for the corner columns noted in the table at the top of pC28. Modal
displacements, based on the response spectrum, modal period, and participation factor are
also included in this table.

Some care is needed in the combination of these modal displacements. In the table on
pC28, the typical combination, where the modal displacement components are combined
by a SRSS rule is also listed. Note that, as the periods between the first and third mode
are separated by about 40%, combinations based on a CQC approach will differ by less
than 3% from these values. Also shown on this page are the necessary hand calculations
for the 100%X +30%Y and 30%X+100%Y combinations. It will be noted that the case
of 100% X + 30%Y results in peak vectorial displacements for the critical corner F-line
pile of 6.27in, some 18% higher than for the Method A analysis.

This discrepancy does not indicate an error in the simplified method A analysis, but a
basic, and commen flaw in the method of modal combination adopted for Method B.
The modal displacement shapes are shown in plan on pC28a. It will be noted that the
displacement vectors of the corner pile identified as pile F for modes 1 and 3 are
essentially orthogonal. Thus it is inconsistent to perform a SRSS combination on both X
and y displacement components of the two modes and expect them to occur
simultaneously, as was done in the combinations of pC28. In other words, if the X
components of the two modes are added by a SRSS combination, the compatible
combination of the Y components must be a square root difference of the squares. The
necessary calculations, using a consistent combination, are carried out at the bottom of
pC28a. The resulting maximum vectorial displacement for the corner pile on row Fis
now found to be 5.14 in. This is about 3% less than predicted by Method A, reflecting
the conservative approach used to develop equation 3-19 which ignores torsional mass

inertia.

Tt is thus concluded that, provided the modal combinations for Method B are carefully
done, results will be very similar to those from Method A.
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METHOD “C” ANALYSIS

The method C analysis is similar to the Method A analysis, but uses characteristic
stiffnesses and damping at maximum response, rather than initial elastic values, using the
substitute structure methodology. This requires a little iteration, since the final stiffness
will not be known until the final displacement is known. The calculations on ppC29 to
C32 show that these calculations are rather straightforward.

In the resource document, a fundamental approach is described for estimating the level of
damping at maximum response. A simplified equation appropriate for Takeda hysteretic
response (which best models pile inelastic response) in given at the bottom of pC29. A
simple modification factor to reduce the elastic 5% response spectrum to the level
appropriate for the calculated level of damping in given on pC30.

After 2 cycles of iteration, the peak displacement in the transverse direction is found to be
4.39 in. (16% higher than with the method A analysis). — see pC31. However, because
of softening of the F-line and E-line piles, the center of stiffness appropriate at maximum
displacement response is only 39.5ft from the center of mass, compared with 46.1ft for
the initial stiffness calculations. This means that the amplification due to torsional
response and combined X and Y components is less than for method A. Asa
consequence, the peak vectorial displacement for the corner F-line pile is estimated at
5.88 in, some 10.6% higher than for Method A.

Calculations are also given for the level 1 earthquake on pC32. This results in an answer
only 4% different from the Method A prediction. The closer agreement is a result of
reduced ductility at the serviceability limit state.

METHOD “D” ANALYSIS

A full inelastic analysis of the two linked wharf segments was carried out using the plan
simulation described in the sketch on pC33 of the calculations. Essentially, this model
incorporated two segments, each the same as used for the Method B analysis, linked by a
central shear key. The “super-piles” were represented by bi-linear inelastic elements,
using the relationships of Fig.16, defined on pC33. Hysteretic characteristics were based
on the Takeda degrading stiffness model.

Normally, with interacting wharf segments, it is necessary to represent the interactions
at the connecting movement joints with uni-directional impact springs at the corners to
represent restraints impose by geometry as the movement joint tends to open and close,
wedging at the corners. With two identical segments this is not necessary, as
considerations of antisymmetry indicate that the two segments on opposite sides of the
movement joints movement joints will always rotate an identical amount, thus completely
avoiding impact.

The level of elastic viscous damping to be used requires careful consideration in an

inelastic analysis. In most computer programs, this is largely related to the initial
stiffness. This can greatly overestimate the effective damping at high levels of inelastic
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response. To provide a reasonable simulation of the elastic damping assumed for the
Method B analysis, which was 5% related to the secant stiffness to maximum response,
an elastic damping level of 2% was chosen, since Ruaumoko adopted a Rayleigh
damping (mixed initial stiffness and mass proportional damping).

Excitation was provided by scaling the 1940 El Centro record by a factor of 1.5. This
provided a peak ground acceleration of about 0.5g in the NS component of the record,
and reasonably good matching with the design spectrum in the critical 0.5 —1.0 sec.
range. The model was subjected to three different analyses: pure transverse response to
the NS component, pure longitudinal response to the NS component, and dual response to
simultaneous excitation of the NS component in the longitudinal direction and the EW
component in the transverse direction. The scaling factor of 1.5 was used for all
components in all analyses.

Input data, and the data echo for the analyses are provided in Appendix A, pp A-31 to A-
38.

Results of Analyses: Selected results of the analyses are shown in graphical form in
Figs 1710 25. Transverse response to 1.5xEl Centro NS, shown in Fig. 17, resultsina
peak displacement 0of 4.36 in. This compares with predicted peaks of 3.78 in from
Methods A and B, and 4.27 in for Method C.

Response under longitudinal excitation is summarized in Figs 18 and 19. Note that the
displacements plotted are at the “super-pile” locations, and need extrapolation to the
corner piles to obtain peak values. Peak longitudinal response, extrapolated to the corner
piles using the relationship developed on pC27 is 3.71in on Line F and 4.36 in. on Line
A. Peak transverse displacements at the corners furthest away from the shear key,
extrapolated from the Node 1 and Node 3 displacements of2.132in and 0.566 in
respectively are 2.712in. These are less than the Method B values based on conventional
SRSS analysis of 4.595in (pC28) or on rational combination, of 3.324in (pC28a). The
differences are largely due to the differences in geometry imposed by considering two
linked wharf segments, rather than a single stand alone segment.

Maximum shear key force between the segments, shown in Fig.20, is 1801 kips. This is
about 15% higher than predicted using Eqn 3-20.

Figures 21 and 22 plot the longitudinal and transverse response, respectively, when the
two-segment model is subjected to simultaneous excitation in the longitudinal (El Centro
NS x1.5) and transverse (El Centro EW x1.5) directions. Comparison of Figs 18 and 21
indicates that in this case longitudinal response is not increased by dual axis excitation.
On the other hand, comparing figures 22 and 19, we see that transverse response is
significantly increased, and occurs at a different time from the single axis case.

Shear key forces under dual excitation are plotted in Fig.23, and are found to be lower

than for the single axis excitation (Fig.20). The peak values of about 1490 kips are very
close to the prediction of Eqn.3-20.
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It is also of interest to combine the X and Y components of response to obtain peak
vectorial displacements. Fig.24 plots longitudinal (solid line) and transverse (dashed
line) for the same node under dual axis excitation. It will be noted that the peak
longitudinal and transverse response tend not to coincide in time. The final figure (Fig.
25) plots the absolute magnitude of Node 1 displacement, found from the SRSS of the
longitudinal and transverse components in Fig. 24. All displacements are thus positive,
and no information is provided about the vectorial direction of response. However, it is
of interest that the peak vectorial displacement, 0of 4.56 in., is only 7% larger than the
peak Y axis response of Fig.24, and is much less than any of the predictions of the
simplified models. Not too much should be read into this result, as considerable
differences could occur if a different pair of earthquake records had been used as
excitation, but it perhaps illustrates the advantages of using the more sophisticated
Method D analysis.

PILE SHEAR STRENGTH

Calculations comparing pile shear strength and capacity are included in pp C36 to C40.
Separate calculations are provided for the two different cases of spiral confinement (W20
@ 2.5in and W11 @ 6in).

Shear demand is found from the calculated maximum displacement demand, and the pile
pushover analyses. Since the F-line piles are critical, only this line is considered.
Conservatively, the calculated peak shear force is amplified by a factor of 1.4, as
suggested in the resource document, to cope with the possibility of material strengths
exceeding design values, and soil strength also exceeding design values. The latter is a
very significant possibility, since it would force the in-ground plastic hinge to form
higher in the pile, thus increasing the pile shear force.

Shear strength is found from the combination of concrete, truss, and axial force
contributions. The first requires that the curvature ductility be calculated, as shown on
p37. Since the critical plastic hinge forms at the top of the pile, it would be unwise to
consider the beneficial influence of prestress in the axial force contribution.

Results from the calculations indicate that the pile confined with W20 @ 2.5 in. has
adequate shear strength, but that shear failure of the less well confined W11 @ 6in is
certain before the displacement capacity is reached. Recall that the displacement
capacity corresponding to flexural failure was 3.63in for this pile, and was less than the
displacement demand. On p40 calculations are included to show how the displacement
at shear failure of the W11 pile can be estimated. The best-estimate is for a displacement
of 2.05in, though shear failure could occur at as low a displacement as 1.05 in., if shear
demand is at the maximum feasible value.
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CONNECTION STRENGTH

Calculations to determine the performance of the two connection details illustrated in
Fig.3 are included in ppC41 to C43. In both cases it is found that the anchorage length is
satisfactory (though if checked by ACI rules, both would fail). Joint shear strength for
the detail with special joint shear reinforcement is found to be satisfactory, and no joint
shear problems will occur. The detail of Fig. 3(b) is found to be marginal, but joint shear
failure is likely as the ductility increases. Calculations to estimate the degradation of
moment capacity at the pile top with increasing joint rotation are included on pC43. Note
that in this case the potential for joint failure is less serious than the pile shear failure,
which would dominate the assessment conclusion.
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2000
...... s e 1Vjin7’7f Padins
3000
B VpgN
Fa=V,, = 300016000 = '37.‘3&)95
20%12 ‘

PF = VEF‘ = -1(120001-3090) ==3]. 3"(?}
20r 12

SUsmic fbrw: o%r P°6$ anre ,(pmb
Au— Mo P(/lafam 142+28+38 = 214—/qu
A 60-3I = 29 kps

Hnalgze pL&s %r P=0, /00, 200.1&75‘ (Noﬁ"andfk[y A Wf”"‘"‘ﬂ)
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QL‘\LL‘mQ,t Conc:d S '(/?a'd CQ&C‘(} S
Ep (3"26)/ f,g—-él : {u = 0.00¢+ L¥ s -e,jh fsm/‘F:_c 2 0.005

(@ gfiﬁaﬂ = W20025 “ QSP: o. 20“"2

G- 4“)2 s = 25¢n,
D's

D'=24-23-0.5
= |25 in.

65 = 4 102
,7163 2‘5

= 0.0I83

For W20, AB2, take £,= 010 |, £ =1.5,70= 105ks..

. €= 0004 + 1. 4x0.0183:7O0.]
10.5

>} Eeu= 0.02]
[
6774'9 ts Ass Maa /4/ MarKronu i f’tf‘mﬁlz‘/ Mof .05 [,': 362

) sPawl = WI®CO”
D'= 2¢26"0375"
s 1?463 “

esﬂ 430.[’
17.63% 6

= 0.0041¢

S . 0.00% + |.4x0.004E ¢ 7O 0.10
Cu 76.6

cr

e £ = 0.0072¢9
——

1
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For 14 lbo&/a&zé Dowed oantchion, e absvt compneceion 5 hteing
applg. For 4 c'n-gnowd /a’ng.e @ manimum wzwzo/o.wz

applus, and woudd govern %of A Wr0D 256 cant. Nt Hal
/A‘s is o awott alm«agw 1‘7(—“7\-““3 repaur bedpe 3msz, 1/
//J obof‘yn crilaron 1s no cadcy)se" e %ﬂ wupup:c‘m Shneda
tcd/,,_c',fy. a/ 0.021 could be watd, |

i
3.3 Qnaj 1Y MOn\tdl'— W_ |
. Moniles‘c%:odw yses /or e /wesé‘e.czl/ Sechions  went

Camitd of using  CIRPRESS. I\Pu‘ date is shown €
Popndin A, pp Alan?. Noti Hat Hhe prishesing tendons are
Located o pairs ot He same n’z{glé Ulistrences) g from A
section Tnscon eoch. T arte o ©.43 e i TR anta +f
Fwo Fendons. T progrem is olescgne /w Audf  wild stef
p[uo Pﬁtsz‘wfz’nj S’l—aj, and a clummy md A sted arta o{
©.0lin? hos been woed.

Output OZW Ho W20 25 "casts for P=100, ©, 200 eips ont Aiste
on pp A3 Ho A5. WA, depth= neuhed anis lepth from comprssios
edge Fendon shess o strain Md&" lo extrtimt Temgcon nolon,
monment andd Compeloet ant in leip.in, @ et M,Mu-t/f.

o Data f« U WHDEO camer ave ilofical ho e 20325 cn
Cp AD wil modficakion only to hie lizwdhe (0378in) and
+ee spacng (6.0:) . Momenl cwvw/w-! resulls ane 4nbulaftd on
pp AGloAR o Ps 100, 0, 200kips riieedivcly. |

e Data fw Ho Fo&/aduﬁ Aol connechomn ant ¢ n pﬁ?%v-

} WO D26 awd ca PRIG /«M/a')é". Momta¥ Convativet

1
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3.4 Craching Momentond Curvaiurt

liskings art én pp AIO-AI4 and RIF-AIT az,r W20 2-5 and
wila 6" Mcptul&»&/% :

 Nie Aod B nionad- covahos comsts continus fo strain
4{9‘1«“ Han He  ullomal comprSE con shrmd  caleiaded on pSaM,
@ a sompghat Aect couasrvalivns g lomatedn 7&&/}4»141' strein
is used on Ko progrem. |

e For He PMS&M/’”&; %%m)‘ Late faen’( coleSoked wm&f/aam@
lo an extreme £hor CompnLss con stin of o.001. H is me%;/
lo coledale He momenf and c»wfw wmwf)a'w((nj o crrching:

Secdin modolug: E = ED = mx24 = 135

B2 22
Teusion shesghh: f = #5Jpoo0 = €275pse
Fres ACSS : 'Cl’ = HF2psc a/vécr losses

A~xial compression: P= 00— 221psd

P= 200 — 442,)5'(.'
Mw&o[uo d/ {/43!(‘(:/@' Ec.= 576090 71900Pg,.=- 43270 kse.

P= 0  f= ¢225+l72=1g00psi  MzfZE = 2443k in
P= /00 f= 1800+ 1 = 22lps: M. = 274kip iy

P=20t0 4= 100+4€2 = 242ps¢ M. = 3O4QMe'p o7

P= 0O E= f/gc = %?‘?-4;:10—6 '£r= E/(b/)): 3/'5.)‘,0-‘/""
P= 100 & = 423.?1/0,6 ﬁr —'-‘36.-3?‘/5‘/""
P= 200 g = 4 70bx /0" ¢cr = 37-2815‘ ¢n
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WOM-W Swmmord_
z/qown_f—w-wa@ curls ot p(oﬂ‘-eo/ cn Me main 60;{5 4,%

Mfor"‘- A summery  of A monads  and  copvalioes cormupanding
Servicndhily Lomif states  ent baved on
£ - 0.004

ise ©.0/0

Agp=0.005 > £p= 0. 0053, ©.005 = ©.0103

Mt STATES  MOMENTS % CURVATURES
(@) Prestressed Secdern

‘ Serviceabilchy Damage Clontrol
G-OQN‘ | P(kz) M, M, ”

Ps kep-in ¢$ l/,;,, k(,,.::: ,ﬁ.ﬂ '
(o] 6112 0-000403 5EZ23 0.0026464
waepas’ | o0 6536 |o.op422 | 5132 |0.002517
200 éeel 0000417 | 6513 |0.002387
o /3 |o.coog0l | 5216 |©-000U5
wilo 6" | 00 6533 0G0 422 5513 |0.000949
200 6966 o419 | 5757 |0.000270

() Dowel Seciion

. (9] 6.5540 |o.co06F2| 5642 |0-003048
w2425 [ OO 6027 0.000 614 éoll 0002729

| 200 6620 |o.wo564-| 6356 |0@w2570
B . o 5537 |c.e06P2 | 5359 ©-001195
WIHR "] too €0 |owpets | 5732 |o.000102

260 66! 5 o.000565| 6O7F ©.60022

» R
N S N O O T N D N e S R D R e R M n e




| B

C#

22-141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

4.1

N l«a/ deéa/«{(c; monamts 3 compafons are sot-
9:‘3;«‘/&@/{? c'n/Zde/ éy cemoun¥ cf w%wm/, bnt ﬂ&ﬂ\ﬂf{
control valuts ane.

Nt also Hat momaﬁfcww"um dégr Fﬂfﬁlf}’e/.cwéb«,

W20925" an JLN E.= ©0.02/, f/ He ck?ﬁom} 42«:)/4 o.008
’s aﬁo&lr{ % MWA,A 2 WM%{ N//aé*mg b wack
wellod scgnifecan) torar, Since € = O.00788 f«r s cane.

4. P  PUsSH OVER ANALYSES _

| w1 Moment - coevalint A,epmu)m@:[cbn {w Push Analyces

o In oroler fo Carry ot pushoner analyses s necessery Vo
scmplefy He analylical cumuts of Fige5-8.
Lo Py Jpeck Vowed Conntchenn.

Over Mt denlopment LrgX 7% farchkj shand (say Yop
48) He pib ovcocishics witl e govemed by e Lowsel
connechion.

F G piles - Aw‘«//&u may oy betwern 30 +90 Ky (m'PCZ)

Sl responst .

aj A‘g)t cwaJ[ uts. o an .&éﬂé -P[o;:l(‘c a/)/)WMa,A'on )
weth s‘/NngA( = 974 oj sorviaahil mominl .
ELpghic 5#‘,4’;.2“ : Dowed 9:‘¢U shein €, = 6&/2?000 = ©.002276

From Tabb on P cé /%L an {n $7'7‘€A3/£ el be ,&“ %n 22
gvm FHhe yntan velue (P=60kips) — uac A fof all o(t‘rl-ckam,’/

! | Gfa,é&‘ng causes recloehisn Ao 574‘0\3% whih ¢ "”ﬂy /e‘fa.auab
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fu______o_(f,mo) oA £y = 0.002255, M=467 Lip.in, (p=0000TF2 Jin

: ELy= M 4621 105 kipin®
= M= 242

= 2536510 ipin®

Sine E.= 4720ksi, Teff = 25.340°
2770
4

e 431 ¢en

1

- ¢
Note I ot © M T x249-
I &4 6F

= /523643*

-t Teff = 531¢ = 0.326 T
16296

fo P20 (pAD of £ = 0.0023F, M=3748 ¢ =0.0001733 [én

B Toy = 3948 2 10°
1733

= 22.78,10° Lipin®

Tey = 2278u0%
4770

= 476t = O03BLypss

Tuterpolat for P=dokips —» Teff = 5/00u *

Shungf P 100 = M= 6097 lapin §r°54

P o — Ms= 55‘{‘0‘4‘,}1‘”
. P= 60 —s Mg = 586€kspin.

Vesign shenghh for puthowtc = OQFM; = 0.9 5865 = 56 12kply

‘N0+e' T/u a.éow froceé(wl, anow %(P—'—"/(Mb‘f’ /s PQ#&X Q) an
*.[“‘0’?&4'((“— me. Lo % actvaf momant- corvelnt At in Fg 7

— O
0
AN OGNS GNA GRS W BN G0 NN GNN IR NN IR M N S BR AN GO o
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Piles on Ling A-E (oo dop connte beba)

P= 180 ks (Note: ako mu[fr A, %ug‘ vl is Ao, saa:z:‘zu/;auu

of Pl A Lo pushowt rispome is V. —see Aater pes

for P=200, (pBI4) o} &= 00281, M= 5377 | f 00001956 Jin

: = € Lepan®
BTy ’gz? y 106 ledp ia

= 27 4940° Lep. ia?

4770

- Teft - 27.4%0°
| = 5%63,F = 0.354-I'?~‘,

Tntrpoals Jur P lsokps —> Tefp = 56740 (0349T,,,;)

‘5{‘&3/% : P= 200 —> /“Is = 6"6'2,0#‘/&»'
' P80 — Mg = 6513 kepia

D—¢$l‘gn S{ﬁb\jM fw\ Pu_;/‘avﬂ.r: ©0.9¢ MS = 0.9F« 6512 = 6312 k<p i

) M .}
M r 6318 |- ,
56"2 et h | ! \
1 { l !
! | \
| * i |
: | ( |
g¢5 L'fu.“ ‘¢9 ln¢u-
: ¢ 1 !
0.000234 o. oozersat 6.000233 o-002£/8
F Lene A-E Lons

PiLE TOP MOM- CURVATVRE ”oPROX

(Note: Py = L in plfe aboec- eg for Flow ¢, = 5612 =o.¢w254)

E Ty 4270 5100
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4.1.2  Prestressed Ply Seckéions.

For pile seckions Lower How 48 belows 1ho clich, use e
p»en‘rt%eo’ pile secheons.  Sence Hese crock at raler high moment,
Ut a dré-lenear (Mudo) a,o,;m:‘m.v&bn. Trertace oxla (fa-fa
#NFP;,(’ wiight P= Fokps, Line F,  200kips, Lirto A=E .

M| -
¢ M"‘) Sér ﬂ’”“ PCS
o e mowent M-Ool and CWNJ(W %ao{ at

erselud- seclesn sliffutrr (from Table, p A2-05)
¢u N MN= 0.9'7sH5 (P'C‘>

' ¢u «F‘GM P-Cé.

(@F O : P=70kps , Tgros © /é?%ef
M, = 2660k en £ = 0.0000342 [in: (pes),

1
]
|
l
|
[
|

at P=100 (pA3) M_ = 5953, 4, = o-000lq3

E-C Icr = M'wl - /‘tr = (5953"2742),{/0(14{,):‘”2
Foor - Per 193~ 363
= 20,3410 kep st

20. 34;/0‘
4770

42684F = 0262Tes

QH
h

O.Co02l2

P=o0 (FA43 /“/'”2 = & é€4%F 4-002

CDW.PN“C‘QA S/ﬂ’d‘u 4 S‘.':O-wz /o Mu
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n

1 | NZ Y2000
ET, = [5647- 2443\, 1 leop.in
212-3/5
= 17754 10%%kep in
" Iq. = l?-?E»ID‘
4770
= 372/ a* = 0.228 T, 00w
Inﬁrpdfall‘ Jor P= 7ol
_I'q... 410‘3‘4;\ = 0.2521'3,_2_5:
M~= 0.9;/’;= 62“7/«‘2:’»‘ ¢ é#ﬁf- 62T ~ 2450 ) = 0. ooozlé’é/cn
- RIFO 103
Whimaly: My= euz, @B.= 0-002563 (whepleled, pcé).
() dows A—E : P= 200kps.
MC.LE 3042 )a‘p on ¢cr = 39-2515‘/:)4 (PC.;)
of P=200 (phB) M, = &iFlkipen. @ = O.000138/n
‘. El;r (6’?'/“ 304‘2\ x 10 &P(n
(17e-34.2)

22.54 /0% (r,# = 4?2‘5'»\4)

= 0.290 EX ;in5s

3

My = 0.9%x 6981 = ££75 kipen
753-_. 39.216% (£475-30¢2)

Mu’ NN = 6‘?5‘,

4770 4725

= 200.41.1551 tA

¢u_= 23 97:10.(/61 .
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NP Hwjoo
M M4
1 (s -~ -
6”;-- - = l ' ) l
{ ! ET [
0-252ET, 4, ( l -39 grecr !
! "
2650 +- ‘ ( 3042 , '
« : | : ' !
l ! ET. ! |
31&‘
pan ; ? !' l ! ! | .'
e [l ‘ 1 -
A A 65 a -7’515,10 392 2004 2387 &o‘/'_,‘
noo 24.2 2563
358 E_lne R-E Lints

PRESTRESSED SECTIONS MOMENT— CURVATUR.G  RPPROXIM ATION

o The Mudo toi-lineas oppron. Jordimn A-E abowe i plobe) fogerke
wid He P= 200kips olate ¢n Fig t0. Note Hot He Aiscreparcy wetd
be Lox Hon apprent cn His Figere olue o soid tonfirimens lelagens
s Pal&ng , ard comporatively ALew corvafunes af marimum response.

\2__SPRING MODEL FoR_PUSHOUSR ANALYISES

s m'/?uslow aralysic s carced of On a pil-boy-ple basts,
as 9‘«.393&0/%/ on fP 354 of Fig323. Indot caleptofions
showo Hof vt f"” He shot F lne pilis,| assuming an -e%uéw bt
fe f«Jg of 108 helsis ground sw/w, and @z&«%& crvehing, Mo
SA#NM 15 mort Han 30 deints fag SA/M” As a consgunc,
Ak /&xiédrfy wd/&wt an chs'{?m/cod W on Ms'/aom, and
e ok may be assumtd to be N‘jf‘o’
o The most roplishec 5W welt  onchudes &w[af[w so/ S/wocff
The mool! aoeopf,e/ is  sheleded on pCI3,
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wo” 55@159
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300 & v

Notes Fixihy assumed 560" below ground
*Nedis shoun Hus: 1 +o 36
o Memhers shoum Hus: O o
« Top node (35) is fned agaist rotodion,
and is docated &p: 0.15'1:14/“ = 0.5 44el27 = _1_3_’6:

ahove cdeck soffeh Vo auont for shein penchetin.

* Mewhers (20) 10D represeit soil springs
« Mewher @ 's an ar/ef«‘a‘d Spring q/ L@A
s##ass dclt‘nj ¢a pcwl&/ wild He pile to
ensupe posthive shfbuce when o full mechanism
Mpx in He p/t .

o Program wedf is Ruawmoko (an inelaslec 4ime-
bs:‘ng Progam) wih a S/Owlg rampeng
acceleration , 1o simulade He dheasdng
:‘neHL‘a. fora
¢ Data fer He E lne pib s incloe] cn
Rpptnden. A.

o Pl propurdiss s e €9 andl C12
(DMZZM@ +o 3rooP:’., or top 46 only).

« Sod sfu‘n? fMFAMQES Nnﬂ‘f?czgc
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4.3 Spring prepertits fur Levd ground
% Hir)qm }%& AH For k SPRING NO.

24 —Z 0.25Kin 127 3.0kips |  C.Okpfin| I8

23 -18° 0. % 12 4.0 12.0 17

32 -30 1.25 12 15,0 30.0 16

EL - 42 1.9 12 210 420 15

30 —~54 2.25 i2 27.0 54.0 (4

29 | -4 | 2% 12 | w0 6o 13

29 - 78 3.25 12 39.0 0 "

27 -90 | 3.%5 12 450 %00 "

26 -102 425 18 745 153 10

25 -126 5.25 24 12£.0 252 9

24 - 150 ¢-25 37 2313 463 2

25 ~200 2.3> 50 445 233 7

22 -250 1042 50 5210 1042 ¢ Vgnsnic
21 -300 125 5 9325 1975 5

20 - 400 16.6% 100 /667 3333 4

Note : br 0.52 kepftn o 2 en B b0 OHFZ , 2 ia gnches
i A= -Mlaa:‘arg pile hoight 0&1 sprig

oo < Bur AH = wllinad, sthengh of spring ( Vel foree) at 0.5
k = F,,U_T/o.s = elashe Sprng SA'#uss.

MemBers 20-24 modihd a0 ke spuings (A< OS5 )
Memgers 25-4 0« inelaske  spring

N
S N
- G G N N U BN O & G G N T D N B B aE =
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ArA

PAD

Nodot At.t‘gbts 029' aéauq-gra«ma’

nedss art ao fad&wﬂ:

E Lin

Node:  |F Cline |Clie Bl |A G

32 e 40 108 176 245 3l%

33 /6 78.9 216 353.2 | 4%.32 6275

34 24 126.8 264 4.01.2 5382 | (#5655

3536 36.8 139.4 2%76.6 +12.2 | 550.9 | g8/
44| RESLLTS _OF  PILE PUSHOVER

4.

Resul?s 3{ M cndivolus f&(( P:ubm mlyses are
expressed  ia Bomo of pile shear /om vs bk a&‘spéezm;v/ én
Figll, 7o a maximum olisploamt of 8.55:, wheh is fhs
caleulals) o&§olaanwn/ capacity of Ao Flowe pils a0 establid)
below.

4.1 F-éw_gﬁslp&amnf Linats

| From 7he F line /ouséaoer, #he pke top \:/:'J/ mnmen’t o/
Mu= 5612kip.in. occurs of a dlisplottmes¥ of 1.02%in= £y, A
second /aZas'&‘c At'nge , 90in. below 3raoé a&v&[op: in e P'oé
aj a o&éf/aamnf af 2.7237 . [Vistance beturten Lt‘np=90+24= L_l__&_!_—_;"_;:]
Plasghic &{«'nsg Len 3“

pib fop 1 Egn 3-30(): ‘f“‘“ ©.08L 4 0.:5,(;0’,, > 030{,d,

L = Q0c24)/3 = 57,

'Cco = 6& kft.
0’@ = 1.24¢a.
Lp = 0-08x 57+ 0.05x €€x 127 S 1R130n 2 030846l 27= 2558
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. A.«a :25-‘;['\. ?O\H—Ms

Tn- é?_wuml /m}e :

—l—dbe AP$/?DP =/ &24= 4‘32 ’h .
grapb‘en?’ -ﬁcm ‘ffa ,ous/wow-r amlya‘c :'M&‘ca/{?s %‘: wetd bt
Co'tser-uujfw — 5«2 F’fglﬂ

Egp/acewq}[,,‘m;fs 849} on P‘p&'fbp Mﬁﬁ‘e.‘*

From Flq 3-27, wih limmsiontess }DOPQM&L(-’:S
LNt : e Lows moment

Opuz (-3, 0  (Ga32D

1AL = A+ Gpu (90428

(295F- 23Dt 6% 25.15
= 0.0660
1.02%+ 0.066x N4

=8.55 ¢a.

w203 2.5¢a Wil o € in.
$, (pca) 2.34-;:0‘%1 234v10 o/ in.
Servicabifihs
ds (PO ¢37x 10 Sin 63710 /o
O (4-p)2p (52327 |(e37-23005% 25,05
e Bps = 0.0/0|«4 0.01014
Agz Ay +6os (90+29) 1.02% + 001014 x 114
le As =218, =218,
Dawmag. - control
b  CPCE,pca) 2 867, 10°%/n 173 916 Yin

(1139-234):16%,25 .15

= 0.0228

1.027 +0.022%y Il

= 3. 6; dn,
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_’P_z‘cp/aco_wu( Lemifs Baged on ;_h_;ymmd Ah'n%_;,

50 SHEETS .

22-142 100 SHEETS
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. 22-141%

W20 &2.5.4 Wil D 6ca.
g (pa2) 2145110 Jen PY Y
Soryicabiloly:
Ps (pC¢, afafo[a'/ﬁ/) 4+ 6y5° /,,',l 4/4;10"/;,, .
Ops = (dhedh)p  (Gu3ad ?(4:4-2:45},;5‘,. £3.2 '
e Gpg = 0.-00962 = 0.00862
Ag = Ay + Ops s 2.737¢ 0.00862 114
te Ag = 3.22/n. 372
'Dama.gé Conﬁq,/ _
Bu (pcg, pad 2563410 Y;n €674 10

Cpu = (¢“‘¢«¢>LP
A“-_— A‘d+ qu”M‘”

e Au

(25¢3- 216 5), 43.2,05°
= 0lo}I¢

2.73%+ O. 1014y 14
= 14300

($61-210.5) 6% 3.2
0. 0282
2.73%+ 0.0282x11%
= 5.95 in

YN If th-ground  concaels comp resscon shrees'n é'«q}faf 0.0

('S app[c‘u’, A, reoluces do 595, (sa.p C'7),

Note Hof Here o ro need Vo Ca&wu He o&‘goéamm‘
VAW, {ar P&&: o/’{¢f fén e F-neded, Scnee Hese cred!
sl‘gm%(‘cam@ exceed Those fof He F-row.
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4.5 PUSHOVER BEED OM EQUIVALENT DEFH TO /XY

da,pﬁr 3 and Fiys 320+ 320 liscam woage 4 qm'w&w/
ipld bo foushy for Laterd shiffper calectations. From Fig 32,
with  a vy/u‘ca/ wvelue dfw Ao Amngionlost Famm/r of &, e
AWW o&/);a Ao %n,.‘,,/_y s abouk 5,50y fof Flne, ww’ 4.?bpfor
A Lint.

Bl P gem»lwa what Ko upe for .e%wév‘
P , ‘ \
r g shain perthrabion chfrert of pile o /m‘ weld !

24-!/

_pdegoed s Tf bastd on dowd] comnehin shifirer,

X } 51}50 = 2-3'qxlD(‘f¢‘/t :'nz <P CQ)

,3211

Then K= P = 12ELeg =12:23.9:10°
o H> 768323

¥ Live | ~ 59.Fkipfin

| AKP*‘ fo fiatty Deteited eneloalre Pu.c/ww (Fig11) /,,,- F.pe
gives K= 167 kep fo ot yield,

. moddd based on dowd conntetion ;Aﬁ[m s '/ooozméé
(6 Use ET,y=23.900 for dop 41's stain penchadion [say “Yotat]

Ml c«rz‘v‘iE:IIg,,ss below, scne pcle barely crehs

ZLe
4 T ' Ixy
66-:;4‘:733.%10 ¢ in-ground ot pile-dop fu:v/‘ y/‘-&@j
+ | B F(;b,-ltp 2
el = »xH +3'3‘k 7‘-"-'_2_-}_:_2 = 0.%08
H 277 UZk + ZX-H k:ff:: o.692
'3 _ X
}1';, » 0.308x 1687+ 2126,042. Ge= f;!ﬂ
1:210.692*2*0.%08#“’-7
Yy poey : = €O0.%3
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Mu{/gg.:- CO.3| M, = |.80M, , M= c¢o3P
- 60.%

. 3 2
A= co3P603 4+ 1.8x60BP, 1024
T 3,23.9:10% 2 77 P 10°

= 0.00306P + o6.0054%P
« ©0-00853P

. K=

=
Thus e e%/iw a&,)M do f‘«dfy med! can g good Mpm&n%n
o shffrse, if ET yoviakeon is madeldd.

Chick  momenss -

From inclooke pushover, & A=0.96in (73 of qicd), P= 140kie.

sguivaedd dphh fo friify: My = GO N%= Gg7tkiptn [et—5324)
My =82 6874 -12,3%3kp i,
Ex,w:[zol ek-ﬁ»auct/ Mg, monond (oc.a/em = —90" [/fom ¢’n¢£93/£c /‘wlovﬂ
Figll]
- FWIOI momert ot - 90" js
M, = 687¢- (904+24+12.d)x 14
= = F558Lkep in.
pNona(z/ momnt ot +fop o/ pde (12.6" below M)
‘s Méof = 6874 -I12.6xll 4
= 543Rlup.ca. of 5228 from To. Push

TAM‘ 3004’ agm»u)‘ %/ /oz‘l' 'fap, but pPoos Qymwnf ar
('J\-—grow\/ Location. C:uuw[ vy, yw‘w«(tn‘/ aée/)/;( Ao %‘ex&é /of
t}t&[d!/b“- Mapou 0/ Pb(cs weld 9{0,-7" yraurj Sepance

= H?.?k:‘p/ji. 4—-'\1443 cloge 4o cﬁ&&elbc Paslwwr. (’Cl?). |
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4,6 COMPRSITE PKHOVER ENUELOPE

Resubh ﬁom He idividval pils pushows cralyses cre
combinad o Table L avd Fipl§ 40 produce e  shotmrsd
pas»{ow %wtl—o&‘iuwwf/ 1L Sponse appropnate Yo Fransuesme
trcitadion reladed fo o 208 Longifudiod Fributery AlungH.
Since  Hart are 2 Foling pilos J204 LngH arl 1 EBCD A
Lot pls, He COM/)W;,{C rerishence i< /ow/ ao

F

04

w/z}e FA'A 0s He Ar:‘:ém é//wé A A o&‘;/éow‘/ A, e

Fﬁ,&' F%X Fc.,z;r F;>,A* Fé,A' ZF;:/A

Al shown in Fnl5 oc a biline a/’/wxl‘m«/éw en et Lo
provicle best up,u.cen/afeba o A Pwm,&/ Mookt wp Vo FeOda.
olisp betwand. Tikoal eolimake iolicakd respoumt would ba Aose Hlan
Hi. Coorvlitateo o/;% he-linsar a//mfmaréba e

F A

o o
380leips 1.32 ¢n
3744 6 .F¥
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| From Ske spfc%‘c acc/,ﬁuwzcbn responat Sféulﬁum Crabple 1)

5 _RESPONSE _BNALYSIS
Caleo Lol Response 7L/&A$Wy > @ng’(f w&‘rrdg uatng a&%ered
M 4 ano{yc‘/‘s .

~N

5.4 METHOD A ANALYSIS: EQUUALENT SINGLE MoOde  ANALYSE
5.0.1 Pure Tramsperas Analysis
Refer pp 352 and 3-53.
From Ac‘l«'ntq aﬂom/‘m‘t/«-‘an ( P €20, Fiyls 3;475‘ «//‘-ZZ/, cnilial
sl«}/w» ‘s

Kc‘ = 330//‘32 = 2??/&‘/8/1.';. /ZOF'IL éag/".
T""‘éuﬁlffg wdau W = 10223 kips /20 & (p c1)

Period: T= 2u| W

gK;
= 2w }1022»3
396 x 288

= . 602 P L8
s —————

R“Fz‘:&gifw = 1.064q.

. Elaghee resporac /m = 1.064,1020.3 =Fy
Fe = 108%)ps [20 4 Length.
Note #o./ His is not He true m/vowa@m hat Ha eoolee Hsporss
éor o shuckoe wild T= 0.60252¢, and ualimitied pthee 5741,:3/4
1,&;:.,‘3 Ho e;ua/ a&;péwmaf aﬁom:muéon ,&;p&dn«/ 4 Hr
cn&lach %yﬁllm- o&spéauuv/o//%v eloghie Sys:ém Certpage)
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7 E 288
/ | ¢
/ = 3.78n
|
I
-~ —3>
2\

T hus o MeHod ) estimats 4 dll‘floéamad/ unlor purt transyperss
-(/)Lc?/\lwlabn ’s A, = 3.78¢n.
==§=‘—‘—"’

5.0.2 An:pé“%tg{dbnw}or Combintel Transuesae v Longclioolinel Respones.

Colealale ML‘C eccentricihy  under Gng/w&'u/ respores:

%l) 3-22 . >(r_= Z"i Vg x;
En Ve

whtre M= numbe o/ f»&(rs /-!n‘éay'a,j ,&,\5/4 on row ¢

V& - s[zar %oru dn Loek />:3(1 On rOw ¢ ¥ sp,ec%lt/ ﬁ}/éomfﬁ

x> o&‘s‘oému af Mw ¢ fmm AaHum.

Chose row F ao dofum, ard = 1.00n (184 410h ao speecfid dipleupedt

2 = (Re 174x0) + (347 20)+(10.4 5 40)+(+ 45 60) +2.23280) + (. 3%:/20)
268

= 5884 (from rowF).

. Eccanpicihy hetpetn canter cj mai Q-an)&f of s{v/,«a’r /s
e = 5544 — (6‘-83-&%“5) | [N%@r P-cﬂ
= 46.06# |
T ————
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Thas, from  Egn 3719, for combined Longifodind and tuntvtret
N/)/m»d-;
Apare = Dy 14003 (1 206 /2,

cbhtre 2y = Z.ug/( %wM segmtak = 400 Y

cy A = 3.?8’,]( 1+ (03 (1+20x44.06 /400))2

= 3.29«l. 4]

= £.32n.

Assessmedd:  Displowwment capaciby for W20925"=€.550 (pe) ok
Drsplacemuf c«,,a:_;fg j,, wil &6%= 3.8x<532 No goo/ /

Leyved 4 Ea:#;mlu [ Servtceal Sty 3 »
Witk Lewd L Eq = 40Y of Levtl2, Method A wofimaX of
Mmaximum a&'sp(l-unu/ s

A = ©0.40%5.32n

S o
bad 2-’3(‘4.

Agsessment:  Displacement car,a.::/g « 2.18¢n, botd cages [ pcu] - thgi_'ZL‘_!

5.2 METHOD B ANALYSIS — MULTI -HODE  ReSPoNSE

The mullemode Mehod B ardysss s Jound by invichigang
a single wharf seqment [400x10#], »elp»e,cenoti«j e pilbs
1)3 4 “super PL&;” of i;a.z‘u-alhc/ totel  drang ledeoned  an!
Forscona) slz‘%t;!. EPw"S 1,2,3 4 ~oit P“S'J'
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5.2.] ANALTICAL MODEL Y

Larduwed edoe

Let Polis L +2 20k reppesent 200H bibutary Lingk {
Lot Pilis 344 epch N)om“/ 200 ¢ -Ht‘éuf&zrg ,(l,\g/[ ¢/ C,Ban/ﬁ(ml.

For contel Horsionad modeling, %= 400 - 1554 (mdwa{ gjmia

Localeon a{ 9Uf._.g_rP&05 eLH_a_&l_tgé‘g\
Caleudot, pile pelatire S/Iﬂtm: ot 40.‘n.p&‘s,o&an

95&25(1 1: Zaemla-l‘c—?fg ﬁmm Fline:

ep = @0x34Pr fF0xi037)
(el 41347+ 16.3%)

g, = 56- (3.9%+3.5) = 42547

Superpils 3 Eccentricthy from Clne:

1 A
(4.45+ 2.33+ 1-3%)

—

Yy = 85+12.44

F, £ and D Lin

g )

RAd)

o)

Lref 7}%4 2]

= (o014

n

= 20.94 '
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-

Peles 1,2 : K = 2%9.9 kp JirJ204 v 10 = 2800 lecp/in. (Rejhp’T;Lb'l, FEDQ)

Plis 3,4 1 Ky= .15 kip)in 204 x 1O

W&‘g}\} D(‘s#?bw{e lo +°P / Su/»u/:;ésl 2,3, 4 l\/o'& Cenér
oj wug,U /s 5b. 4-4(.( prm /an/ww/ Co%‘([t e. 'd -—044-#[
L Weight must be lishibudid do refleet Ha.

lﬁ— 44,54 _,*6—3,?4- _4 | _ _ ‘
Wi l@ W3 W = 10223, 20 = 20446 kips.
Y7

2 —7\0 44 H

)2 34

L 6346 —

W= 0.5x 20446 (20.94-0-49) /ge.q-g = 30 kps

L

2=
Wy, 4= O.5n 2004 (47.54 w0.44)[68.98

5.2.2 _ANALYSIS
Any dyramic aralys’s rogram codd be wad T fove uod

Rugumoko forML mode) analysis, since T witf abo uar d‘%»pé(e

fome- history analysis. A plan wew s modd):

o ! .‘ Netes : Nodes shown thus: 1o

« Mewbers @ +o @ are

Dedn Liskng is incluoled i Apptnoix A.

@/ 5 kip)in. (ReprGhe2,cen @)

«Mewmbers shown Hus:Oto @)

' \g 2-D springs (X+Y dlinelian? )
ﬂ 5 @ e ? repmsez«buj superpilis

o Membus @Jo@ art s#e##o/em a&‘a,ol/ugm acAbM/M.

)

7
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5.2.3 ANALYSIS TPyt

fusulte of Mo oke echofitupretadion, and medel anlysis art
incloci & sub-ppndon R, pp A-B-2 do A-8~5  Modhs | ard3 (pA-8-5)
Pepresent W ombined trarslolion Jlorsion e Hr Longfudind (x)
Lirechion, and mode 2 o ao«?&m Fransverae (Y) mode. TR ofher
mody are clue Lo slght floxihlify of He  cluck rmimbhsrs, and can
he ignrored. f’amé‘ccpaﬂbn facolm ant fw X erteheon encifakon.
For ¥ clireckion, mode 2 has 100}, parbicipalon.  Defork an
Swmmarized helow.

n
&
L

TRANSVERSE LONGITUDINAL
MODE 2 : MmovE 4 ModE >
NobE  ComP, &; 4)‘. ¢.‘.
- X [7] 0. 55+ l-o00
I N
y 1.0 - 0.14% 0. 747
. 1.000
- % © ©.55%
™~
Y 1.0 + 0. 747 ~ 0.%47
- X o l. 000 0.565%
5
Y 1.0 -0.74¥ ©.74%
X o 1.000 0.557%
? <
| Y 1.0 t0.74¥ 0. 77
PERIOD 0.602s2¢ O. F4%sec O0.%03 5
PARTICIPATION 100}, 4.2 1 2], .
SACTOR
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ooRELL
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5.2.4 MODAL ANBLYSIS
Ruawnoko s {)M'ma_«)/y o program fof VLcW’AJS/N_‘/ aua@g/s

(a) Treensusree Responee
TAL respous 1s ileafleal fo MuKaa[A, wih T=0.602s0¢,and
100}, pankicipation (see pcadd
. Apz 3,780
(b) Lon gihvlind Responat
The mode QA/OM on p C27 M/ér Fo dispeomedhs af ,4' Supeeplo”
Uocakionr, and nesd kbmﬁuﬁdw‘v He C@Wr/opglf%meUMi

Mspww :

|# 1~ "'*9——’1‘-2’?-02}'_ Ay = By + Q= Lyt

-— 1 é9.98
F | 5 A o = Agg - (Ay=256) 2906
+rangueras seclion é3.42
W Ao = Dysnl0 = 1,645 Dy
A3 QY ——

1¢sponst ¢ oeh of Modss | @3 s 9;\»&«149

Ac= b S, - pardicipakion fodoo 0,642
IA —spe!‘m/ace,dlg:f/;c :

Mods 1: T=03B . From Tabhled, Sp=034lg; S ToS,= 0743 \0M32
Yar " I
gA, ‘5'092;'\

Mo& % I T’—" 0.5'03; . 9@ = 10,4#9 » S“::So. %32 d‘l4‘;7336-2 = 2. 343(_")

e —t

42

vso%dﬂw‘dwéyw&@w.
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N~ oy

R
x
-l

{

Node Gt Mok 1 Mode JA2 mE
P Al & A i (in) JA,ﬂé_; (in)
RowF, X 0,53 1332 1026  1.8%3 2.551.
& Y -l229 -4.09 1.229 2243 4.595
Rowf, X% 1188 3876  0.369  0.674 3.934
&d 1229 4.0! -1.229 -2.243 4,594

Nt G fom 2 madifind for end nodis o pac pc28

%Cowéine X¢Y.e4<cz/‘al£m 124.0&_, %,, 3-1%,3-18 ,.3—-4-5

100X + 30, 7 txcifalion ;

'f Ple f: Ax = 2.551 Ay =03x0.0 .. Ax=255lin
o Ayy = 4595 Ayy=03:378=i34 .1 Ay= 57290a.

. 2 . \
. Aoy = N 255745729 = G2,

Pile, ﬁ: Axx = 2.9%4 Axy z 0.300 — Dy = 3.‘334‘ ‘n

A),x:_. +‘5q4- AW e .13 - A‘j = 5 F29 (v

: % ca2qt = 495,
.,Amzﬁm\«s.;zq = 6,95,

304X + 100, Y encilalion.
PleE: Axx = 0.2:2.551 Axy =0 . Ax= 0765

Arx =z O,5x4595 Ay)""a?g - Ay = 5,16
Ay 2 055168 = 5220

Piueh: Ay = 03v3.B3¢ Axy=0 co A 7 1,180
Ay, =03 24574 Ayy=378 .. Ay=5 /6 in

» ?. 2 - Al
o A ® ,//Jgtg.lé = 5.29e
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29.144

RN PN YL
(é;i_’ ‘| $A-14:
Aridags!

Nets hat He wathod B calekalions pesceld v marsimuen a((;fw
f"’ He F Lo pele aboot 127 bLoher Han #e valus of 632
P,.ao&cjﬂea by Meded A [ p c23]. Clie enamindhon  indicates Hoe

s olue '(0 a WJWW en e IWCO&‘(AQAO" Q//f@’-e»(

__Qo___é in {Z" 3-19. Constoler ,46 a&o&mﬁm sla/ua %ﬂw&d /¢

Mele | '
Nete He a&s/o@amn/ veclot ane omé(ojemﬂ Thur ¢ /wz s SRSS orCRHC

| ’110 adt He X com/)aat:/?/a(!spwﬂ'/ Hle 700/@»\@4 Aol saéw
M COrwémale 0&’/‘ Yca»yam«/f SWA( p}Ay, Ay, . 771'72“ 4}{:6/07/
PC2‘3 Mo becomes:

F G Acly ¢ A JaiBEA (for 7ephs,

il?owF X o053l  1l¥32 1026 /(873 2551 ([imri8m3)

énd
f Yy -1229 -4o0l 1229 2243 3 324 (,|4m2-2.24e‘)

i X 1.18¢ 3876 ©.369 O.6¥4 2.934 (,Jz.ﬂéfo.ea&)
} R '

waw‘ Y 1.229 46l  -1,229 -2.243 3.324 (,}40»‘—2.2431)
Crtical phF o&kpb-tw»é=

100§x+300Y ¢ Ax=2.851; Ays 3324105378 = 4,459

AP J:qqﬁm.%‘e‘ = &,14dn c'[ &,32____,_:\_5______1__’_49‘{_&

BOLXH00)Y  Ax= 05, Ay= 0.3:3324+ 378 = 4773
" Amon = JOHTH 47782 = 4,84
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- £ ﬂ’egla’w peried : T= 21.,.’.."‘2"_

5% METHD C A@%m,_
N T o ns &rae
éifll%ol ? uacs ﬁ nesulle 9/% inelhelee pusksver analysic (Fiyl5)

andl Ao subskils chodict a/’pm (CWN s/f}%w ra&w/:mg 2t morsimum

M‘/)W) [o wéma,é ﬁuﬁgv«aﬂ o((;/;w o&man/ Reﬁf PP ?’54' \b 3-59.

Fig15 ard Tabl 2 provide Hhe éaeélom/or A Ayswc No/oaa T A
mekod 0/ analysis  peguints He /o/(aw&y

l. Gutrs He orlmum ;&;/éamg)‘ ‘

2. Coleddete Ho eflotine skbhus of Ma&rpé{lﬂ/

3. Coleddol e.Ww fz«aol iy mm.o&;p/a.eemn/

4. Gleaot, eM‘w oéanyuhj af mar. a(«‘sploam»f

5. From rsponst spechrum, caleJoll  marimum A‘:pémnzu/

6. Theralt 15 #éc/wnw?ma.

Based on Mo MeHod A anddysis, an inioad eohimale 4/ Ay= F00n,
is made.

o_éW‘vl sligfﬁ': From Table 2 - \(M = +36.3keps [204.

K = 4363 = 1091 lep)in.
4.0

e 2 1022'%
"J;;z;o?.:

= 0.978sec.

f; ZM« damnlj Rssuming a Takeda Aygwc rsponat, an 0704'&/‘

u(alumsb p bohoun olawpeng ol AvekSty wish:
§ = o.05+ L{]- (1 r) - r;}“)

Voo a&;pé-amd{Mcfg , = sLCOM(‘(bﬂ SA%/AI.U rakeo .
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From Figls, r= 0.05%

1.32

= Ar - £0 2308 (a0 O{;f hilintar approx. FiyI5
3
9

. J - (1-0.05'9) o.ose,J;o;)
= g+ — (1 el -
. g 0.02¢ ( J3.03

= 0.164 (16.49,).
Morktmum o&‘splauwa)'
The nesponsr spechum is gjum Jbr 59 only. 74 ﬁléam_«f
M&A‘WL‘/), ﬁ@m Surocode 8 s wed Lo r@&m response /ar o&/é.«w‘

a[am ' »&w&-’ A
i % = (mg) (§ & 2

[
= /% \2
/3.4>2

= O, 817
For T= 0.928, from Tehle L, S = 0.7399
Sy spw’m/ o&‘;loév-u»da{: Sas5 =__T_z. 3545
4

. 0.978% 39020739 in.
4T
= &5 .

. ontel /,, 1 #h Aunping A =Rg . %s
=0.617%x 6.95
= 4. 2% cn.

This is Aorger Han ta oidiad ko, and ilerabion is regucred. T |

SPMJ Conmtrsenat, Quers A= 440:¢a.
£] M‘w stcHfuece Vi, = 444 keeps Gable2)
‘ oo K= 944

—

“+.4
= 100.9 lip/in.
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vt Period: = | /022> = 1. OiFsec.
£ ffeckive Furied M N E
£felive Damping: gz 440[132 = 333

g 0.05+ & (1~ 09*2—0053333) = 0.1303
=33

[}
-

Mavg. Displocomsat: R§= (%)‘: 0.60%

For T= 1.01%, fon Table1, .5 0714

50 spechal olisploamnt Sug = 1.042 53962404
4+

= %224 in.

I} damping isp. A = 0.60%F224
= 4385

Sag At = 437
##

53.2 Correchion G&r Combyirad &VMMMMWW_

Nib: Eccenticihy is diffiaat from MeHod A, duu fo rtductan oo
shifts @t marcimusn M porat of pc‘/l.s FED: UnTabhld ol Olwuo
ad 4.5in: Vo= 1482lps, V=760, V=366, V=180 V=104 Jp=¢.1

Ecconboic S fwnFén = (20,38 + (40,36, £)+ (éoxaeh(sm 10.4) (100x4.1)
? 444

- {caul,«‘cu‘g beturern conter g/ masg v conder a/ skthess i
e 55.44— (12.4+3.5) Mﬁ/PC/, €22,
29.5¢ 4.

il

[ {]
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‘Fhom iﬂ}’lq) quy‘;é%‘ca((ba WN /s

fl+ (0.3( 1*2053954/4003)’- = /.24

= 43239%1.34
= 5.89.,. (10.6], kigher Han Methal ).

A

Check Undir Levet 1 €0, (405
Qu.w antrag 0((‘?l= hhé én. —-—»/u,: l6f1.32 = 1.212
. From Tabl2: K = 3428 = 214.3kp/in.

A
T= 2410823 = 0.6985c.
32 242
gﬁg: 0.@?8‘3.
- - . L1~ 0942 _ opsgfize) . %.564.
'Da_w,r)(.ug. | § = 0.05+ T (l ml @0 nr— ) z

= /FNE L
Rg (’9757 = 0.256

Sps = 068 386104 OTFS = [.8lin.

PR

Az 1.39.{1.86:0.956) (139 = fouefor €= 4484)
= 2.2l
e

<4-Z,,(o.,3¢,— %p,‘ 0&, M&WA, arnd /-5/& abone 4‘”\2" o&/él)t‘b‘l)..
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5,4 METHOD D ANALYSIS — INELASTIC TIME HISTORY

T His sechion a }wﬂ ineloslee Himt - hix hory aralysis 4/%
two- sequuent Linterd wharets is caritd owk. The ok is
semidac Lo Hat 0&/ MeHed R, exaept ﬁuo—_w,(n/. Stij’ ane uged,
Linked by a o of Mo common shiar key. €k wﬂw/ Sljww'{
ic rdmbicad to e wlw% sequsat /or MeHod B, excer Hat

F-'i3 12 shows % Cxono/w}c&c /N‘ a 204 &‘éwévy ,&,;3% 4
diek . Thae nisd o bk watliplod by 10 for Ho 200H buhikory.
&nf# m ol ég Loeh Su/w-/m? “ The boekhont com /.r eoch
pb olescodbed 4y A /pdawf‘ng Aata:

Typed Pel @Fr£4D) Tope 2 Pile [c+8+4] ‘ f
A G F (lgps) A e F kips
o.0 o.0 .0 0.0
1.29% 2430 4.0 226
\ 5.00 4203 2.0 | 480.4 l

5.4). ANRLTICAL MoDEL (Refer also to pcas, c25).

) 4013
24 : @
N ___.@.px
)
@
Nodze Hhus: | 4o 20 Mewdaers Hhus: © 4o @D

'Da)‘a. ETAPcJ awoo Data 'T»\jlpﬁl-"w&b‘] arl incloeltd ca WKA

Ac‘é‘a@r /a«uv-o&‘spéamt«)( Jnoo/,uvré‘cr ant ua/d()r% Sf‘cpv/ué:‘




| | c34
d_‘?_-(’:" The coordingle sgs{lm ONGin (s ar /% cenfer 4% Shtae
key mumber €. Th sheoe key mmembs (‘M'%zow
P':N‘d B node 10, Howewts, wrder ppure ﬁﬁzﬁwﬁvflﬂ Msporst ov
purt ,Congifw&‘na/ response Hore wetd he n‘?ﬁ?aj‘ n ot node 10,
This ¢ obwious é[of franpeers [Y] respome . For Longifulendd [X] respones,
consislorakion, of amll‘symlmj ndicale Hof He dLene ,é(mudl
rodes ,10,20,19 musl remain s:lmu‘g“ and  trarcven HLip bt
of M anter of mambnr @D must b 2200, This wen wnﬁw/ 49 He
olynamc'c a,q[y:f:.
_’_V_g'ft__ D TA plan somulafion  ard of hianid $fM‘/th" Vo
APM%)LM! su/vrpa‘fl: Lans Ma/% 3-D ;wé&u can b2
accaruuy sc‘mufa/d cn 2-D. TS > oa/y pmr‘é& btcmt

#&M s so S'A// on e ouf-c/.F(aN ,a,ec,{-w,,
Noti : £laghic olamping Faken as 2% Laalabin ko inihiel skffect].

5.4.2 EXCaATION

| Basce txcifakion o e NS compontad of Mo 194OEl Gnfeo

record, scald x45, lo gin a PR of 0.59 , and Awamé‘/}

clte spectrdd mabd  wild Ha luign speham (Tblet) ove He

crificat ©55 4o 1.0 rengt .

e Find 20sce. appliad transendy, Hen longifuslinetly .

. Eingf run camced ouf wl boH El Gnbo comporas Scudllonttudy
(N5 o K ond EWiY).

22-141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

&
AMPAD

5.4.3 REsUTS OF ANALYSIS
Resutls ane Io(oﬂu] o Lt — Aixbories o key roole L
é&sc/,@ln./?, avd! SI(Q# /<¢_</ S&w 0&«:, a»/ fo PV A’scu-w@’ tn /44
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22-141% 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

)

From 24, 3-20, Vsic =P"5¢/A«J Var

For A, = 3.9 ¢n (PczzB \41': 20x436kp = 8722pkéw [Tabl2]
€w 4-6.04“ EPC?.Z)

O M:,M éa .w,&’maﬁ is

Vak= loBx $6.0¢ , 2720
400

= 1520 kips
From pune bngbfw&nJ J/sc?quebﬂ , V‘k.—/gwld,: ( FZ‘922>
el Lo+ Trors. v Vi = 1490k

22,‘ 3-20 (s l;'/é,(nafor /);u-c f(ong. -uc.‘d‘ajw«

be.
s 2 digh for ual ancifikon . J oo
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L3 SHPTETS
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6. _SHEAR STR&NGTH CHECK

IZ(%M Ao pr3-%6 o 3-79 c/% resoprce AoOCument. 74, cmea:r/
pilis confinad hy W0D2Gin and WD Gin will be consilest)
soparately.

6.1 WA 2.5on.

Analyses o Seelon S of Hose cleuloleons inficated Vhat Hs
#yxom/ p&?/é-umn{' capacty of 85%a. excudsd a&mam’fof«d
ardlylical medods. TRe marcimuns Aiploetonant clemand weo |
Amog= 588 2. [MeHodc, PC‘32]. Use His Ao Aetermint shear capacify.

6.0 _Shear Dewand.
TAL marimum s&w %0/‘“ o a/.ulé occusrs a Fnowpé&s. :
From Table 2) ot A=5-8’€Jn, \/D= 48.23l<ps . TR o5 ,%(

posinusn Shear fore conypording to desipn valute for conucll,
Aoctls | and f&w\!alc‘on waleriad.  Highr shear fov&ﬂ' okl resull
fwm A«ﬁa}lr /{an S/lc%‘!/ conende wm/orwfcbn 96»0‘3/( or o(owb(
ycﬂzﬂ 9'/7‘019#\, or %‘00\ szlhoﬂgv %an w,é‘maé/ soif 51444514(. {(xtr
canmy ok new /m;[ow, usng  Adgh limates of sthvebuf and
socd M&Nw/ 9744»3/{/:) OFr e a&/ac// a,\y;é%wéba f’”(”'/

l. + (/:?~%), We oo He Lolhe opozl:aov

-\ Vm«= '1.4-6 148.82
= 208.4 |ips
6:0:2 Conepels Mechamism Shingth
Ve = k,\/-w"_é—. Re Ro= 0.8Ay= 0.8+ 452= 3617

K cleptrds on corratone W(fg [ Fig330],



£
-

Coledet: cvrvatune MJg clewand fh&m Am= 588 ¢. |
- "ngcn. fCI‘S')

Sy

loglee a&;’pla&wd- Ap= A
= 5.88-1.03 = 485¢n
ploshee_retadion : &= Ap /L L= 114 Aul«ran
= 485/u4 Cpese)
= 0.0425 rodians.

Pla.skc cu-rva/tnt ¢F = QF/LP 4,,.: 26‘.15‘0 (p('lé)
=0.0425/25.15

- 16.92046 %

¢9 s 234‘*[5‘/&\

curvature dvediely: M= P/ Py
=(¢¢o"‘¢§o)/¢3

= 1+ 1692 /23+

—8’2

NoG : eScnee He crifica p/u/«: hinge occw!a)‘%pdzép, all Al

M@(u»fo Mo dowe seclion, rot Ho pMﬂ‘r«{d sechéon,
eSince s /7136 coudd be sulju/lo’,(o A kihy olimard ia

&r#\ogona/ direliom, wa biaxid) M&fc{y cums én Fig 3-30

s Uy anLIS‘Mﬂ-M[ Clp mféu‘ /%ln o&rl'yn currl
A psc um;"‘s]

k=1.2- 3_52_,‘0.6: .9

From Fig 3-30
c.e. V¢:= O.QAJ (cl X Hg
= 0.96| 7000« BELE  lbs (£.-
since sheor ample HJ

= 29.] Ia.‘é;

€.1-3. Truss Mrchanism
V.-, = 'ﬁTZ‘q?P‘ﬁJ‘ ch- C"‘(o) CO+9/S ( %A 3—3:?)




pW S I G0 SIELTY

s

e
Il \"-3{.":'.'
(e % ‘r-‘J N

. - c38
N/(m ﬂgf“' .20 'n* )
- = .0, 270(24-7.3-3.25):1.732 fih= FOLs:
2.5 "
bp = 24
= 204.9 keps. c=NALph= 73" [p. A-10-]

Co= 3.0+ 0.5, 3.257
e

S=30° Cassessment, agt-lesign)
s= 287 (pikd

U ‘)HFE]S

D

4.1.4 Axial Foree Mechouisne
| Shicky, Ao sheor domand and sheer shirg® should ke chuskd
lfod' morimum  and minimum valats of Ruiet Fore (ntmembar wx:.‘«!gfrm
o‘u(fﬁaw fé”‘“"'e SA(#JM ard Keru shear dimerd). Howtster, c‘n/éladm
,a(eme and 9903/{ is somiler, and we chik Kert anly d&" Nu= 10vles,

&'t
LAY B ¥

Vo= ¢[N.eF]Hand (5,339 qb— (asrzsrmv‘)

= 100, [24-@%‘6)]/111- = (- [ Congrovnd] [2 )///4
‘ as" (A0 2g¥p-3)
= l4—.lk€gc
615 Nominl _Shiar Sherglh

VN-’—‘- Vc_+ V;-f-VP
= 291+ 2049+ | 4.1

= 248 kips DV, =2083 kipp  (pC26)  sHEAR oK

6e2 Wil D 6.0 én.
Floxomt fadue tnpebtd ot Dpyp=3.6300 Lpcig] < 5880 demand

lc/v.ch o} shear Vleml prtceeds /&«oml /cw/uu




6.2.1 Sheor Deman).  Essenlially unchanged (seeTobtez o vist= 3.¢%]
< Voo = 208.8kps  Ceneluder 40, overstreagth).

6.2.1. Conends Me haniom Sﬁui/_é
Campalune Limihs can be wasd oALirect from pCib
ot 33" g = 1139/234
= 49
rom Fig330: k= 1.26

" Ve = 12470003617 b

= 321 Kips.
6.2.2 Truss Mechavism Strnghh

A;F:. 0.”:';&2) S = E¢éa,

Vs = x 0.1l x ?0[24—?.3-3.75 ot 30
* é

= 47.0 kips
6.2.3. Axiaf Fore Mechanism

Essentiatly unchangdd.

Vp= 141 kips

€.2.4 Noming shor chensh o 3.63en.
Yy 381+47.0¢ 14l

= 992 kips <1438& 20¢.3 SHEAR FAwURE CERTN 4—

Cafal‘—?j‘j ’s a&w@p(/
6.2.5 cloek shar at yidd displossme

TAvd S(zov-/wyam will occor Az/b.« MOx muemn /ﬁ«a&f o(/s/oéamza)‘

At Ay= 103, Vo= UBkps. Voot dxt®= 1662 (Tabla).

S
-



Coneetly: k=35 ."V.=35]7000x 3012 |
= 105.9Qkips.

Ve= 47.0kp  ( unchangesdd

Vp= 1% 0lips (unchanges!) |

V= 105.9+47 0141

§f 162 Okips

 This s Kighe Han Vy=ug lays, but cosondiatty tguat bo e W&/zx
EE sbwd 166 2lcips Cf‘” A conservalive accutrinpnt woddd A&up»du‘ |
\“i shear /m‘/uu ot Apy= 10300 A bt-shimele can be ({QMA/

(gnoing am,o[c%«‘cmlcba , and P(o#r.‘ng Sheor 5790\9/{ ard shear olemand
!ayax‘uo‘/' oU;/ohcwv.w{—- set helow.

”
-~

>
’7'5 T /o',’\' "4va

150 + DEMAND (N OMINAD
2
[
\i) EAILVRE
% I
* 125 :
" {
{
{
i
|
[ qqoz
100 } — & 1
.0 2.0 3.0 2.0

DIsPLACEMENT (W9,

COMPARISON OF SHEAR DeMAND v CAPACTY. Wi D6 7 ,
Thus: basd on  pomingd lemard, Sltarfw:/w is opeled at 2057

i bassd on  morimum b o R L PR 10‘5”

| Honurt  feostun’ ex pecded at- 587




F CHECK OF CONNECTION STRENGTH

1 W20 2,5¢n.

T wtl -detailed opleva of Fig 3a Aas e same con%‘nsz
Ataid cn /;(z'/‘w‘n'( an la /J(c/wé (W20I258).  Pnchoruge and
joud shisr natd fo ke chrched.

.1 Am’“"?‘.ﬁl 7)0542 ca M .
Dowds arn archord a, shaight bars 3" fpom top of duck

Thuo anchorage longHo= 30im.  (3373).

ﬁgmﬂ/ MW ,(enalb -(e= 0'025016__#7_‘_ (f’,, 3—~<tlp)
A

= ©.025¢ 2% 64,000
,J FOO0

”

=25,05"< 30, OK

Anclmua,c ’s wlgu.aﬁ

Mf(ﬁmffw Toind s@v S&L}é__

= 4xO.2
¥ X1 225

d gp =0.91%2

—

a—

046
DY

20.44s10.16 [: ~‘l‘¢t‘é_€}
12,6430 L 435

Psr = O-ODIZ2 < Qsp

2. Tocnd N—('A%OMM'\)( is _ade ;ﬁé_u

Proutdsd: W20 25°: @, = Hhs DL 24-23-LL125"
D's $=25"

: { ° (‘;‘zlﬂ‘x 60 kese
Re;_‘ﬁ'-‘\-’i’l; O = 2 4L [‘ffj £- 0.0015Es= B.5ks
Poc=R#0 = 40 J6in*
¢€a_ = 30”[5&4 ‘-U‘&)

B



! 42
%2 Petail ca F’i‘gj_é' Tocnt has bars Aan‘ out 12" below dec/u(gp

+.2.1 F)/dprage . z
Tolal archorage LongH, including hook, excerds 25054 Bapeﬂ]
Wg« s OK . §
#.2.2. Joont shear. _ No Jaud?‘ nunfmm«)‘- |
Nomend momnt Cﬁoﬁufgj MM_ 560 kpen Cpcv)

30 SHELYS

F—‘ lzll__"

ﬂ f—=-r Mo, momsst ap. 1-4y= 7970kipinaM®.
; hyg= 21 “ (ﬁfﬂmakw[g, recalewlats Maw’nj l.?ﬁ',am’

S84 VDO SHESY
3 A

22341
-3
2rX4x

e
e )

[ &

{apiinmte )

{ 134y — o Lewer cvalis of M " witd sesult

LJ (0 TJout shear: v; = _M° ( Gn 3-8
/J;h,{ b;

Jox 2242
= 446psi

l

; 3
B Axicdd  ohess Jor Nu=t00leips: £fo = E‘ 100";: - (em ® 45)
| 24¢2]

z ==49.4psc
(= [JN‘AQ‘PaI Fenscon Sllﬂfll kt = =24F ¢ ’24-.?211- 4
- ‘H‘2pf€ = 6'.28,]-?: (-F": 7600)

bo= 528] €L sxcnds 2506  (worgmelly). Thus a |
i jDCML shear fmja.nl s «prldllo' af Less f{aﬂ % /&xwﬂ QM"&?/{
mopent capacihy Cbuf not ot 4 nowina capacity).

|
|
|
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ond it 15 Hus unnicsoey fo chuck e degrading moment cpacify

an wxample -
#2.3 Momen? Ca,om)fy corrtspording 7o A= Sifc psi= FF 41€pse.

v = [be (ot Egn 3-46

= J41g(45+499
= 42 pse,
Me=d2 vihy DR g 3-47

= [T O.442x2a24" eipin
= F580kipin. <M?% lbuwt DMy,

The J‘w‘d‘ Feusion sfno\g/( well egrode a ,6& JWJ‘ roVales. P
a joint rotation of 0.04, p=0, ad He risiduad momad capscdy és
PW"M solbly by Ho anid Lead of lotkips.
Thus M, = /oo[gf-l:[.eé_/_o___g__/_c_"

The Mﬂj ’me o M&m.v’/mv‘a/wn Wbp ’s

ﬂ/s Proéabé M Ioaé SAW/&JM W(A//pgcu/\/a&o( 5,(144-%4/0/%

o/% conntcleor. Howewes, +4e Pnaa/m /s caritd out Waa




SEISMIC ASSESSMENT OF A
TWO-SEGMENT MARGINAL WHARF

COMPUTER INPUT/OUTPUT APPENDIX

Note:

o Data listed on pAl for the moment-curvature analyses include tendon locations

defined by distance from the tensile edge of the section. Since there are two tendons
at each of the 8 distances (see Fig.2, e.g.) the tendon areas given are for two tendons
at each location.

The analysis program expects some mild steel in the section. A nominal minimal
value of 0.01in® has been assumed. This will have negligible influence on the
computed moment-curvature response.

Refer to Fig.2 for section dimensions of the typical pile.

Analyses are carried out for piles with W20 (area =0.2 in’) wire spirals at 2.5”, and
W11 (area = 0.11 in®) wire spirals at 6”. In each case, three levels of axial load are
considered: 0 (actually 0.5 kips, sine the program has problems with convergence
criteria when zero axial load is specified), 100 kips, and 200 kips. This range
exceeds the range of expected axial loads. For intermediate load values, data are
found by interpolation



CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

NRVDHT 1,
pufbihatt ot

FILE NAME : NAVDAT1 [DATA INPUT
INPUT DA T A(kips-in-unit) PRESTRESSED PILE
: 200 25"
DIAMETER OF SECTION (in) - 24.00 w ATURE
COVER TO MAIN STEEL  (in) :  3.50 MOMeNT- CORVATIR
2paaes.
STEEL STRENGTH (ksi) : 66.00 ( high strength steel ) P
YOUNG'S MODULUS (ksi) : 29000
CONCRETE STRENGTH (ksi) : 7.00
APPLIED MOMENT (kipsin) 0
APPLIED AXIAL LOAD (kips) 100.0
MAIN BAR DIAMETER (in) 1.00
TOTAL STEEL AREA (sg in) 0.10,
TIE DIAMETER (in) 0.51
TIE SPACING (in) 2.50
TIE STRENGTH (ksi) 70.00 ( spirals )
NUMBER OF SEGMENTS 30
ITERATION ACCURACY 0.0010
THE PRESTRESSED TENDON NUMBER IS : 8
Point vy (in) area (sgin)
1 20.042 0.43
Point v (in) area(sqgin)
2 18.818 0.43
Point y(in) area(sgin)
3 16.556 0.43
Point y(in) area(sgin)
4 13.600 0.43
Point y (in) area (sgin)
5 10.400 0.43
Point y (in) area(sgin)
6 7.444 0.43
point y(in) area(sqgin)
7 5.182 0.43
Point y(in) area(sgin)
8 3.958 0.43

Prestressed Steel Material Properties

~Al-




1)
2)
3)
4)
5)

Initial steel Stress (£fsi)
Yield stress (fpy)
young's modulus (Es)
Ultimate steel strength (fpu)

Ultimate steel strain (Epu)

(ksi)
(ksi)
(ksi)
(ksi)

- A2~

154
216
29000
270
0.06
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CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

PRESTRESSED PILE P=lookips, w2026

T

FILE NAME : p3dat

MOMENT CURVATURE ANALYSIS RESULT S (kips-in-unit)

CYCLE CONC. N.A. STEEL TENDON TENDON M. CURVATURE
No. STRAIN DEPTH STRAIN STRESS STRAIN
(in) (ksi) r—'(KlpS—ln)(,I.-") {
1 0.001000 15.12 -0.000323 -171.58 -.00591 3962.232 0.000066
2 0.001100 14.17 -0.000452 -175.35 -.00604 4243 .606 0.000078
3 0.001200 13.40 -0.000591 -179.39 -.00618 4493.671 0.000090
4 0.001300 12.75 -0.000739 ~183.68 -.00633 4719.226 0.000102
5 0.001400 12.21 -0.000892 -188.16 -.00648 4925.115 0.000115
6 0.001500 11.76 -0.001052 -192.80 -.00664 5115.077 0.000128
7 0.001600 11.37 -0.001215 -197.56 -.00681 5290.410 0.000141
8 0.001800 10.75 -0.001550 -207.31 -.00714 5607.202 0.000168
9 0.002000 10.35 -0.001866 -231.48 -.00746 5952.772 0.000193
10 0.002500 9.58 -0.002722 -232.36 -.00832 €374.290 0.000261
11 0.003000 9.15 ~-0.003554 -233.22 -.00915 6538.893 0.000328
12 0.003500 8.92 -0.004347 -234.04 -.00995 6548.993 0.000392
13 0.004000 8.84 -0.005047 -234.76 -.01065 6523.485 0.000452
14 0.004500 8.79 -0.005742 -235.48 -.01135 6434 .651 0.000512
15 0.005000 8.77 -0.006397 -236.15 -.01201 6334.542 0.000570
16 0.006000 8.82 -0.007601 -237.40 -.01322 6112.454 0.000680
17 0.007000 8.92 -0.008697 -238.53 -.01432 5878.963 0.000785
18 0.008000 8.98 -0.009817 -239.68 -.01544 5717.336 0.000891
19 0.009000 9.00 -0.011007 -240.91 -.01l664 5634 .444 0.001000
20 0.010000 8.96 -0.012331 -242.28 -.0179¢6 5631.286 0.001117
21 0.012000 8.90 -0.014955 -244 .99 -.02060 5671.684 0.001348
22 0.014000 8.74 -0.018036 -248.17 -.02369 5771.917 0.001602
23 0.016000 8.61 -0.021152 -251.38 -.02682 5869.569 0.001858
24 0.018000 8.49 -0.024395 -254.73 -.03007 5976.632 0.002120
25 0.020000 8.39 -0.027676 -258.11 -.03336 6078.866 0.002384
26 0.022000 8.29 -0.031085 -261.63 -.03678 6€184.981 0.002654
27 0.024000 8.20 -0.034563 -265.22 -.04027 6289.495 0.002928
28 0.026000 8.13 -0.037975 -268.74 -.04370 6379.204 0.003199
29 0.028000 8.10 -0.041128 -271.99 -.04686 6435.690 0.003456

CONCRETE STRAIN EXCEEDS MAXTMUM

CALCULATED IDEAL MOMENT 6549 (kipsin) EQUALS MAXIMUM MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.02638
80% OF MAXIMUM MOMENT : 5239.2 (kipsin)
STEEL LIMIT STRAIN : 0.120000
ITERATION ACCURACY : 0.001
STRAIN HARDENING OF STEEL : YES
APPLIED AXTAL LOAD : 100.0 (kips)
-
—~ R3—



CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER l
L4
FILE NAME : p3dat YP-RE?PRESSED PLE , P=0.5Kips, w0257 | l
MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit) l
CYCLE CONC. N.A. STEEL TENDON TENDON M. CURVATURE
No.  STRAIN DEPTH STRAIN STRESS STRAIN
(in) (ksi) r(Kips—in)(,/én) ('
1 0.001000 13.37 -0.000496 -175.35 -.00604  3801.637 0.000075
2 0.001100 12.58 -0.000649 -179.78 -.00620  4038.783 0.000087 '
3 0.001200 11.94 -0.000810 -184.50 -.00636  4255.102 0.000101
4 0.001300 11.40 -0.000980 -189.44 -.00653  4455.188 0.000114
5 0.001400 10.95 -0.001156 -194.56 -.00670  4642.206 0.000128
6 0.001500 10.58 -0.001337 -199.82 -.00689  4817.933 0.000142 '
7 0.001600 10.25 -0.001521 -205.18 -.00707  4983.860 0.000156
8 0.001800 9.75 -0.001894 -216.04 -.00744  5289.355 0.000185
9 0.002000 9.45 -0.002235 -231.81 -.00779  5646.945 0.000212
10 0.002500 8.75 -0.003214 -232.82 -.00877 5983.4293 0.000286 l
11 0.003000 8.35 -0.004185 -233.83 -.00974 6089.422 0.000359
12  0.003500 8.18 -0.005055 -234.72 -.01062 6125.073 0.000428
13 0.004000 8.09 -0.005893 -235.59 -.01146  6073.427 0.000495 .
14 0.004500 8.06 -0.006666 -236.38 -.01223  6000.94° 0.000558
15" 0.005000 8.07 -0.007387 -237.13 -.01296  5916.280 0.000619
16 0.006000 8.16 -0.008702 -238.49 -.01428 5722.998 0.000735
17 0.007000 8.29 -0.009886 -239.71 -.01546  5514.483 0.000844 '
18 0.008000 8.40 -0.011049 -240.91 -.01663  5409.933 0.000952
19 0.009000 8.44  -0.012327 -242.23 -.01791 5306.780 0.001066
20 0.010000 8.42 -0.013753 -243.70 -.01935 5281.735 0.001188 l
21 0.012000 8.35 -0.016731 -246.77 -.02233 5294.421 0.001437
22 0.014000 8.22 -0.020056 -250.20 -.02567 5381.572 0.001703
23 0.016000 g8.11 -0.023462 -253.72 -.02909 5475.551 0.001973
24 0.018000 8.02 -0.026912 -257.28 -.03255  5569.944 0.002246 l
25  0.020000 7.92  -0.030475 -260.95 -.03612 5672.792 0.002524
26  0.022000 7.85 -0.034070 -264.66 -.03973 5773.102 0.002804
27  0.024000 7.78 -0.037696  -268.40 -.04337 5871.611 0.003085 '

PRESTRESS TENDON STRAIN EXCEED MAXIMUM

CALCULATED IDEAL MOMENT 6125 (kipsin) EQUALS MAXIMUM MOMENT
36
0.02638
4900.1 (kipsin)
0.120000
0.001

: YES ll

MAXIMUM NUMBER OF CYCLES
MAXIMUM CONCRETE STRAIN
80% OF MAXIMUM MOMENT
STEEL LIMIT STRAIN
ITERATION ACCURACY :
STRAIN HARDENING OF STEEL

e e se se

APPLIED AXIAL LOAD 0.5 (kips)

—RA4-




CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME

,
. p3dat |PRESTRESSED PLE, P= 2ooKifs, w2025

DUr&

MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit)

CYCLE CONC. N.A. STEEL
No. STRAIN DEPTH STRAIN
(in)
1 0.001000 16.90 -0.000183
2 0.001100 15.79 -0.000293
3 0.001200 14.88 -0.000413
4 0.001300 14.13 -0.000540
5 0.001400 13.50 -0.000675
6 0.001500 12.96 -0.000815
7 0.001600 12.50 -0.000960
8 0.001800 11.77 -0.001259
9 0.002000 11.23 -0.001564
10 0.002500 10.43 -0.002292
11  0.003000 9.96 -0.003022
12 0.003500 9.68 -0.003733
13 0.004000 9.54 -0.004387
14 0.004500 9.51 -0.004962
15 0.005000 9.47 -0.005556
16 0.006000 9.48 -0.006656
17 0.007000 9.55 -0.007666
18 0.008000 9.58 -0.008702
19 0.009000 9.57 -0.009800
20 0.010000 9.51 -0.011037
21  0.012000 9.38 -0.013592
22 0.014000 9.24 -0.016313
23 0.016000 9.12 -0.019103
24 0.018000 8.98 -0.022078
25 0.020000 8.85 -0.025190
26 0.022000 8.74 -0.028356
27 0.024000 8.64 -0.031552
28 0.026000 8.60 -0.034498
29 0.028000 8.55 -0.037467

TENDON
STRESS
(ksi)

-183.10
-187.19
-191.41
~-200.12
-208.99
-231.96
-232.72
-233.45
-234.12
-234.72
-235.33
-236.47
-237.51
-238.58
-239.71
-240.99
-243.63
-246.44
-249.31
-252.38
-255.60
-258.86
-262.16
-265.20
~-268.26

TENDON
STRAIN

[ T B |
cocooo
DR R R
w0 o U
®oNIR
HHE® R

M.

6568.154
6677.872
6739.610
6800.627

CURVATURE

.000059
.000070
.000081
.000092
.000104
.000116
.000128
.000153
.000178
.000240
.000301
.000362
.000419
.000473
.000528
.000633
.000733
.000835
.000940
.001052
.001280
.001516
.001755
.002004
.002260
0.002518
0.002778
0.003025
0.003273

CO00000000000DO00O0OO0DO0O0OOOOOOO

CONCRETE STRAIN EXCEEDS MAXTMUM

CALCULATED IDEAL MOMENT

MAXIMUM NUMBER OF CYCLES :
MAXIMUM CONCRETE STRAIN :
80% OF MAXIMUM MOMENT :
STEEL LIMIT STRAIN :
ITERATION ACCURACY :
STRAIN HARDENING OF STEEL : YES

APPLIED AXIAL LOAD :

36

0.02638

5554.8 (kipsin)

0.120000
0.001

200.0 (kips)

- AR5~

6944 (kipsin) EQUALS MAXIMUM MOMENT



D1 '

CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER l

FILE NAME Nll?gggmessab PILE, P—‘-lOOki‘pS, wio6” '
MOMENT CURVATURE ANALYSTIS RESULTS(kips-in—unit) l
CYCLE CONC. N.A. STEEL TENDON TENDON M. CURVATURE
No. STRAIN DEPTH STRAIN STRESS STRAIN
(in) (ksi) L/-(Klps-in)('l_, > ( l
1 0.001000 15.00 -0.000333 -171.88 -.00592 3988.687 0.000067
2 0.001100 14.07 -0.000464 -175.69 -.00605 4268.903 0.000078 l
3 0.001200 13.30 -0.000605 -179.78 -.00620 4518.150 0.000090
4 0.001300 12.66 -0.000753 -184.11 -.00634 4743 .077 0.000103
5 0.001400 12.13 -0.000909 -188.64 -.00650 4948 .569 0.000115
6 0.001500 11.68 -0.001070 -193.32 -.00666 5138.104 0.000128
7 0.001600 11.29 -0.001234 -198.12 -.00683 5313.417 0.000142
8 0.001800 10.68 -0.001572 -207.94 -.00717 5630.041 0.000169
S 0.002000 10.28 -0.001891 -231.50 -.0074°9 5972.608 0.00019%5
10 0.002500 9.52 -0.002751 -232.39 -.00835 6388.429 0.000263
11 0.003000 9.11 -0.003586 -233.25 -.00919 6547 .490 0.000329
12 0.003500 8.89 -0.004370 -234.06 -.005997 6549.786 0.000394
13 0.004000 8.83 -0.005055 -234.77 -.01066 6514.478 0.000453
14 0.004500 8.80 -0.005722 -235.46 -.01133 6412 .066 0.000511
15 .0.005000 8.82 -0.006334 -236.09 -.01194 6294.172 0.000567
16 0.006000 8.95 -0.007411 -237.20 -.01303 6023.145 0.000671
17 0.007000 9.14 -0.008319 -238.14 -.01394 5722.381 0.000766
18 0.008000 9.30 -0.009197 -239.05 -.01482 5484 .261 0.000860
19 0.009000 9.43 -0.0100098 -239.98 -.01572 5321.291 0.000955
20 0.010000 9.46 -0.011137 -241.05 -.01677 5262.970 0.001057
21 0.012000 9.51 -0.013239 -243 .22 -.01888 5205.831 0.001262

MOMENT LESS THAN 80% OF MAXIMUM MOMENT

CALCULATED IDEAL MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.01113
80% OF MAXIMUM MOMENT 5239.8 (kipsin)
STEEL LIMIT STRAIN : 0.120000
ITERATION ACCURACY : 0.001
STRAIN HARDENING OF STEEL YES

APPLIED AXIAL LOAD 100.0 (kips)

— A6~

6550 (kipsin) EQUALS MAXIMUM MOMENT I




CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME : N1 |PRESTRESSED PILE, wil® ¢ P.—.o.Gk«‘,osI

Do

MOMENT CURVATURE ANALYSIS RE S UL T S(kips-in-unit)

CYCLE CONC. N.A. STEEL TENDON
No. STRAIN DEPTH STRAIN STRESS
(in) (ksi)

1 0.001000 13.28 -0.000506 -175.63
2 0.001100 12.50 -0.000660 -180.11
3 0.001200 11.86 -0.000823 -184.8¢6
4 0.001300 11.33 -0.000994 -189.84
5 0.001400 10.89 -0.001171 -195.00
6 0.001500 10.51 -0.001353 -200.30
7 0.001600 10.20 -0.001539 -205.70
8 0.001800 9.74 -0.001898 -231.47
9 0.002000 9.39 -0.002259 -231.84
10 0.002500 8.70 -0.003245 -232.85
11 0.003000 8.32 -0.004214 -233.85
12 0.003500 8.16 -0.005083 -234.75
13 0.004000 8.07 -0.005908 -235.60
14 0.004500 8.07 -0.006658 -236.38
15 0.005000 8.10 -0.007343 -237.08
16 0.006000 8.25 -0.008544 -238.32
17 0.007000 8.46 -0.009558 -239.37
18 0.008000 8.63 -0.010531 -240.37
19 0.009000 8.75 -0.011572 -241 .45
20 0.010000 8.82 -0.012687 -242.60
21 0.012000 8.93 -0.014861 -244 .85

CONCRETE STRAIN EXCEEDS MAXIMUM

CALCULATED IDEAL MOMENT

MAXIMUM NUMBER OF CYCLES
MAXTMUM CONCRETE STRAIN
80% OF MAXIMUM MOMENT

se ee as e e

36

0.01113

STEEL LIMIT STRAIN 0.120000
ITERATION ACCURACY 0.001
STRAIN HARDENING OF STEEL : YES
APPLTIED AXIAL LOAD : 0.5 (kips)
-
- A7~

4902.4 (kipsin)

t

TENDON
STRAIN

M.

g (Kips-inla)y. (

3819.927
4056.698
4272.801
4472.752
4659.840
4835.761
5001.859
5399.689
5660.275
5993.485
6094.247
6127.998
6070.311
5988.771
5891.595
5662.515
5402.531
5189.807
5063.196
4996.399
4944.998

6128 (kipsin) EQUALS MAXIMUM MOMENT

CURVATURE

0.000075
0.000088
0.000101
0.000115
0.000129
0.000143
0.000157
0.000185
0.000213
0.000287
0.000361
0.000429
0.000495
0.000558
0.000617
0.000727
0.000828
0.000927
0.001029
0.001134
0.001343



D2

CIRCULAR COLUMNS -~ MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME : N1 | PRESTRESsED PiLE , P=200Kps, Wil €]

MOMENT CURVATURE ANALYSTIS RESULT S(kips-in-unit)

CYCLE CONC. N.A. STEEL TENDON TENDON M. CURVATURE
No. STRAIN DEPTH STRAIN STRESS STRAIN l
T aw b el
1 0.001000 16.76 -0.000194 -169.09 -.00583 4057.745 0.000060
2 0.001100 15.66 -0.000305 -172.34 -.0059%4 4395.093 0.000070 .
3 0.001200 14.76 -0.000426 -175.87 -.00606 4687 .854 0.000081
4 0.001300 14.01 -0.000555 -179.63 ~-.00619 4946 .945 0.000083
5 0.001400 13.39 -0.000692 -183.59 -.00633 517%.071 0.000105
6 0.001500 12.86 -0.000833 -187.73 -.00647 5389.280 0.000117 '
7 0.001600 12.40 -0.000980 -191.99 -.00662 5580.644 0.000129
8 0.001800 11.68 -0.001281 -200.77 -.00692 5915.833 0.000154
9 0.002000 11.15 -0.001588 -209.71 -.00723 €198.948 0.000179
10 0.002500 10.37 -0.002323 -231.99 -.00796 6766.138 0.000241 l
11 0.003000 9.91 -0.003052 -232.75 -.00870 6952.191 0.000303
12 0.003500 9.65 -0.003755 -233.47 -.00940 6940.919 0.000363
13 0.004000 9.54 -0.004389 -234.13 -.01004 6866.316 0.000419 l
14 0.004500 9.54 -0.004930 -234.69 -.01058 6786.229 0.000471
15 0.005000 9.55 -0.005476 -235.25 -.01113 6648 .156 0.000524
16 0.006000 9.65 -0.006436 -236.24 -.01209 6334 .684 0.000622
17 0.007000 9.83 -0.007244 -237.08 -.01290 5992.901 0.000712 '
18 0.008000 9.98 -0.008024 -237.88 -.01369 5725.362 0.000801
19 0.009000 10.09 -0.008840 -238.72 -.01451 5550.996 0.000892

MOMENT LESS THAN 80% OF MAXIMUM MOMENT

CALCULATED IDEAL MOMENT 6952 (kipsin) EQUALS MAXIMUM MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.011313 '
80% OF MAXIMUM MOMENT : 5561.8 (kipsin)

STEEL LIMIT STRAIN : 0.120000

ITERATION ACCURACY : 0.001
STRATN HARDENING OF STEEL : YES

APPLIED AXIAL LOAD : 200.0 (kips)
) i
~Ag- .




CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME : N2
INPUT DATA(kips-in-unit)

DIAMETER OF SECTION (in) : 24.00
COVER TO MAIN STEEL (in) 3.65

STEEL STRENGTH (ksi) : 66.00 ( high strength steel )
YOUNG'S MODULUS (ksi) : 29000

CONCRETE STRENGTH (ksi) 7.00
APPLIED MOMENT (kipsin) : 0
APPLIED AXIAL LOAD (kips) : 100.0
MAIN BAR DIAMETER (in) : 1.27 ¢
TOTAL STEEL AREA (sq in) : 10.16 -
TIE DIAMETER (in) : 0.51~=
TIE SPACING (in) - 2.50
TIE STRENGTH - (ksi) : 70.00 ﬁ spirals )
NUMBER OF SEGMENTS : 30 .
ITERATION ACCURACY : 0.0010
DATA INPUT
Dowed CONNECTION
w20 25"
p49puﬁVF—C02VﬁTvae



R} '
CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER l
I{3
FILE NAME : N2 | DOwe&sl CONNECTION, P= 100kips, W20d) 2-5:] '
MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit)
CYCLE CONCRETE N.A. STEEL MOMENT CURVATURE l
NUMBER STRAIN DEPTH STRAIN
(in) (kipsin) (1/in)
1 0.000100 19.54 -0.000002 431.86 0.0000051 '
2 0.000200 12.34 ~0.000122 833.62 0.0000162
3 0.000300 10.27 -0.000279 1161.12 0.0000292
4 0.000400 9.32 -0.000451 1485.16 0.0000429 l
5 0.000500 8.78 -0.000630 1810.90 0.0000569
6 0.000600 8.44 -0.000810 2136.21 0.0000711
7 0.000700 8.21 -0.000993 2461 .88 0.0000853
8 0.000800 8.04 -0.001176 2786.98 0.0000996 '
9 0.000900 7.91 ~0.001358 3110.31 0.0001138
10 0.001000 7.81 -0.001540 3430.67 0.0001280
11 0.001100 7.74 -0.001721 3747.91 0.0001422
12 0.001200 7.68 -0.001901 4060.81 0.0001563 '
13 0.001300 7.63 ~0.002079 4368.78 0.0001703
14 0.001400 7.60 -0.002255 4671.14 0.0001842
15 0.001500 7.53 -0.002452 4906.40 0.0001991 l
16 0.001600 7.45 ~0.002659 5104.36 0.0002146
17 0.001800 7.28 -0.003104 5398.45 0.0002472
18 0.002000 7.12 -0.003573 5608.03 0.0002808
19 0.002500 6.81 -0.004787 5915.40 0.0003673 '
20 0.003000 6.63 -0.005983 6043.88 0.0004527
21 0.003500 6.54 -0.007125 6077.89 0.0005355
22 0.004000 6.51 -0.008183 6086.90 0.0006140
23 0.004500 6.53 -0.009166 6088.90 0.0006887 l
24 0.005000 6.57 -0.010091 6077.52 0.000760E
25 0.006000 6.69 ~0.011799 6027.99 0.000897C
26 0.007000 6.92 ~0.013070 5883.64 0.0010115 '
27 0.008000 7.10 -0.014373 5787.57 0.0011275
28 0.009000 7.23 -0.015710 5729.69 0.0012452
29 0.010000 7.34 -0.017040 5691.33 0.0013627
30 0.012000 7.45 -0.019954 5722 .45 0.0016104 '
31 0.014000 7.58 -0.022642 5737.79 0.001846¢
32 0.016000 7.61 -0.025743 5829.85 0.0021037
33 0.018000 7.64 -0.028752 5911.59 0.002356:2
34 0.020000 7.68 -0.031663 5976.22 0.002603% '
35 0.022000 7.70 -0.034659 6044.88 0.002855¢
36 0.024000 7.73 -0.037615 6105.27 0.0031052

NUMBER OF CYCLES EXCEEDS MAXIMUM OF 36

CALCULATED IDEAL MOMENT 6089 (kipsin) EQUALS MAXIMUM MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.02778
80% OF MAXIMUM MOMENT : 4884 .2 (kipsin)
STEEL LIMIT STRAIN : 0.120000
- Ao -




ITERATION ACCURACY :

STRAIN HARDENING OF STEEL

APPLTIED AXTIAL LOAD

0.001

100.0 (kips)

- Al =



R l
CIRCULAR COLUMNS - MANDER l
FILE NAME : N2 |Doweil CONNECTION, P=0.5 kips W20D 25"
MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit) l
CYCLE CONCRETE N.A. STEEL MOMENT CURVATURE
NUMBER STRAIN DEPTH STRAIN l
(in) (kipsin) (1/in)
1 0.000100 6.91 -0.000187 334.67 0.0000145
2 0.000200 6.89 -0.000376 668.68 0.0000290 l
3 0.000300 6.89 ~0.000564 1002.49 0.0000436
4 0.000400 6.89 -0.000753 1335.94 0.0000581
5 0.000500 6.89 -0.000941 1668.81 0.0000726 l
6 0.000600 6.89 -0.001129 2000.81 0.0000871
7 0.000700 6.89 -0.001316 2331.54 0.0001016
8 0.000800 6.89 -0.001503 2660.56 0.0001160
9 0.000900 6.90 -0.001688 2987.33 0.0001304 l
10 0.001000 6.91 -0.001873 3311.25 0.0001448
11 0.001100 6.91 -0.002057 3631.65 0.0001591
12 0.001200 6.93 -0.002238 3947.85 0.0001733
13 0.001300 6.90 -0.002441 4203.59 0.0001885 .
14 0.001400 6.84 -0.002661 4413 .38 0.0002046
15 0.001500 6.77 -0.002895 4583 .03 0.0002215
16 0.001600 6.70 -0.003139 4725 .88 0.0002388 l
17 0.001800 6.55 -0.003654 4947.32 0.0002749
18 0.002000 6.41 -0.004190 5108.79 0.0003120
19 0.002500 6.15 -0.005568 5349.33 0.0004066
20 0.003000 6.00 ~0.006917 5450.67 0.0004998 '
21 0.003500 5.95 -0.008177 5502 .28 0.0005885
22 0.004000 5.95 -0.009335 5539.53 0.0006720
23 0.004500 5.99 ~0.010408 5560.99 0.0007513
24 0.005000 6.04 -0.011420 5565.41 0.0008275 l
25 0.006000 6.18 -0.013273 5543.55 0.0009713
26 0.007000 6.37 -0.014804 5462.74 0.0010988
27 0.008000 6.57 -0.016175 5387.21 0.0012184 '
28 0.009000 6.72 -0.017569 5329.30 0.0013390
29 0.010000 6.82 -0.019091 5318.97 0.0014661
30 0.012000 6.98 ~0.022102 5338.83 0.0017186
31 0.014000 7.09 -0.025205 5391.86 0.0019758 l
32 0.016000 7.18 -0.028225 5439.13 0.0022288
33 0.018000 7.20 -0.031580 5529.99 0.0024987
34 0.020000 7.23 -0.034895 5609.43 0.0027665
35 0.022000 7.26 -0.038137 5675.17 0.0030307
36 0.024000 7.29 ~0.041317 5733.95 0.0032918
NUMBER OF CYCLES EXCEEDS MAXIMUM OF 36 l
CALCULATED IDEAL MOMENT 5565 (kipsin) EQUALS MAXIMUM MOMENT '
MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.02778
80% OF MAXIMUM MOMENT : 4587.2 (kipsin)
STEEL LIMIT STRAIN : 0.120000
TTERATION ACCURACY : 0.001 l
- Al2~ l




STRAIN HARDENING OF STEEL

APPLIED AXIAL LOAD

0.5 (kips)

- A3~



R2 l
CIRCULAR COLUMNS - MANDER l
v
FILE NAME : N2 | DOWEL CONNECTION, P=2000kips, wzoDz-gJ
MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit) l
CYCLE CONCRETE N.A. STEEL MOMENT CURVATURE
NUMBER STRAIN DEPTH STRAIN .
(in) (kipsin) (1/in)
1 0.000100 58.30 0.000066 154.10 0.0000017
2 0.000200 19.56 -0.000003 863.19 0.0000102 l
3 0.000300 14.62 -0.000107 1310.95 0.0000205
4 0.000400 12.37 -0.000242 1663.13 0.0000323
5 0.000500 11.10 -0.000394 1991.84 0.0000450 l
6 0.000600 10.30 -0.000556 2313.96 0.0000583
7 0.000700 9.75 -0.000724 2633.83 0.0000718
8 0.000800 9.36 -0.000896 2952.37 0.0000855
9 0.000900 9.06 -0.001071 3271.31 0.0000993 l
10 0.001000 8.84 -0.001245 3583.93 0.0001132
11 0.001100 8.66 -0.001421 3896.17 0.0001270
12 0.001200 8.52 -0.001596 4204.10 0.0001409
13 0.001300 8.40 -0.001769 4506.98 0.0001547 '
14 0.001400 8.31 -0.001942 4804.11 0.0001684
15 0.001500 8.24 -0.002112 5094.82 0.0001820
16 0.001600 8.18 -0.002281 5376.97 0.0001956 l
17 0.001800 8.00 -0.002662 5768.93 0.0002249
18 0.002000 7.82 -0.003073 6041.14 0.0002557
19 0.002500 7.46 -0.004146 6426.03 0.0003350
20 0.003000 7.25 -0.005215 6585.84 0.0004140 .
21 0.003500 7.14 -0.006233 6632.41 0.0004905
22 0.004000 7.09 -0.007199 6619.58 0.0005644
23 0.004500 7.08 -0.008106 6594 .55 0.0006353
24 0.005000 7.11 -0.008956 6568.36 0.0007033 '
25 0.006000 7.25 -0.010424 6455.38 0.0008277
26 0.007000 7.45 -0.011655 6288.64 0.0009401
27 0.008000 7.62 -0.012832 6160.33 0.0010499 '
28 0.009000 7.73 -0.014088 6095.84 0.0011636
29 0.010000 7.85 -0.015273 6031.52 0.0012737
30 0.012000 7.94 -0.017991 6065.80 0.0015114
31 0.014000 8.03 -0.020611 6094.43 0.0017443 '
32 0.016000 8.05 -0.023437 6181.90 0.0019875
33 0.018000 8.08 -0.026183 6252.39 0.0022267
34 0.020000 8.09 -0.029024 6325.67 0.0024707
35 0.022000 8.12 -0.031757 6385.83 0.0027092 '
36 0.024000 8.15 -0.034404 6438.83 0.0029434
NUMBER OF CYCLES EXCEEDS MAXIMUM OF 36 '

CALCULATED IDEAL MOMENT 6632 (kipsin) EQUALS MAXIMUM MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.02778
80% OF MAXIMUM MOMENT : 5305.9 (kipsin)
STEEL LIMIT STRAIN : 0.120000
ITERATION ACCURACY : 0.001 l

- Rl4-




STRAIN HARDENING OF STEEL

APPLIED AXIAL LOAD :

200.0 (kips)

- Al -~



CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME : N3

INPUT DA T A(kips-in-unit)

DIAMETER OF SECTION (in) : 24.00
COVER TO MAIN STEEL (in) : 3.65
STEEL STRENGTH (ksi) : 66.00 ( high strength steel )
YOUNG'S MODULUS (ksi) 29000
CONCRETE STRENGTH (ksi) : 7.00
APPLIED MOMENT (kipsin) : 0
APPLIED AXIAL LOAD (kips) : 100.0
MAIN BAR DIAMETER (in) : 1.27
TOTAL STEEL AREA (sg in) : 10.16
TIE DIAMETER (in) : 0.38
TIE SPACING (in) : 6.00
TIE STRENGTH (ksi) : 70.00 ( spirals )
NUMBER OF SEGMENTS : . 30
TITERATION ACCURACY : 0.0010

DATA INPUT
DoweLL CONNECTION

wil & 6in
MOMENT - CURJATVRE

- Al6-




Rwill

CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME : N3 | Dowés COMIESTION , P =100 kips, wilpé”|

MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit)

CYCLE CONCRETE N.A. STEEL MOMENT CURVATURE
NUMBER STRAIN DEPTH STRAIN
(in) (kipsin) (1/in)

1 0.000100 19.53 -0.000001 432.13 0.0000051
2 0.000200 12.34 -0.000121 - 833.64 0.0000162
3 0.000300 10.27 -0.000278 1160.99 0.0000292
4 0.000400 9.31 -0.000451 1484 .96 0.0000429
5 0.000500 8.78 -0.000629 1810.21 0.0000570
6 0.000600 8.43 -0.000809 2136.06 0.0000711
7 0.000700 8.20 -0.000991 2461.86 0.0000854
8 0.000800 8.03 ~0.001174 2787.14 0.0000997
9 0.000900 7.90 -0.001357 3110.69 0.0001139
10 0.001000 7.80 -0.001539 3431.36 0.0001282
11 .0.001100 7.73 -0.001720 3748.94 0.0001424
12 0.001200 7.67 -0.001900 4062.21 0.0001565
13 0.001300 7.62 -0.002078 4370.60 0.0001705
14 0.001400 7.59 -0.002254 4673 .42 0.0001845
15 0.001500 7.52 -0.002450 4909.76 0.0001994
16 0.001600 7.44 -0.002658 5106.71 0.0002150
17 0.001800 7.27 -0.003103 5400.46 0.0002475
18 0.002000 7.11 -0.003572 5609.23 0.0002813
19 0.002500 6.80 -0.004787 5915.95 0.0003679
20 0.003000 6.62 -0.005981 6043 .06 0.0004534
21 0.003500 6.53 -0.007120 6076 .17 0.0005361
22 0.004000 6.51 -0.008172 6083.35 0.0006145
23 0.004500 6.53 -0.009145 6082.76 0.0006888
24 0.005000 6.58 -0.010054 6067.13 0.0007600
25 0.006000 6.71 -0.011715 6005.03 0.0008943
26 0.007000 6.97 -0.012907 5840.29 0.0010050
27 0.008000 7.17 -0.014087 5717.73 0.0011155
28 0.009000 7.35 -0.015252 5620.40 0.0012243
29 0.010000 7.51 -0.016369 5543.09 0.0013312
30 0.012000 7.73 -0.018750 5496.25 0.0015523

CONCRETE STRAIN EXCEEDS MAXTIMUM

CALCULATED IDEAL MOMENT 6083 (kipsin) EQUALS MAXIMUM MOMENT

MAXIMUM NUMBER OF CYCLES : 36
MAXIMUM CONCRETE STRAIN : 0.01140
80% OF MAXIMUM MOMENT : 4866.7 (kipsin)
STEEL LIMIT STRAIN : 0.120000
ITERATION ACCURACY : 0.001
STRAIN HARDENING OF STEEL
APPLIED AXIAL LOAD : 100.0 (kips)
-l
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CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

MOMENT CURVATURE ANALY

CYCLE CONCRETE N.A. STEEL
NUMBER STRAIN DEPTH STRAIN
(in)
1 0.000100 6.91 -0.000187
2 0.000200 6.89 -0.000375
3 0.000300 6.89 -0.000563
4 0.000400 6.88 -0.000751
5 0.000500 6.88 -0.000939
6 0.000600 6.88 -0.001126
7 0.000700 6.89 -0.001313
8 0.000800 6.89 -0.001500
9 0.000900 6.90 -0.001686
10 0.001000 6.90 -0.001870
11 0.001100 6.91 -0.002054
12 0.001200 6.92 -0.002235
13 0.001300 6.89 -0.002437
14 0.001400 6.84 -0.002657
15 0.001500 6.77 -0.002891
16 0.001600 6.69 -0.003136
17 0.001800 6.54 -0.003650
18 0.002000 6.40 -0.004186
19 0.002500 6.14 -0.005562
20 0.003000 6.00 -0.006909
21 0.003500 5.94 -0.008166
22 0.004000 5.95 -0.009320
23 0.004500 5.99 -0.010384
24 0.005000 6.05 -0.011384
25 0.006000 6.19 -0.013197
26 0.007000 6.40 -0.014668
27 0.008000 6.62 -0.015940
28 0.009000 6.80 -0.017200
29 0.010000 6.96 -0.018473
30 0.012000 7.18 -0.021111

CONCRETE STRAIN EXCEEDS MAXIMUM

CALCULATED IDEAL MOMENT

MAXIMUM NUMBER OF CYCLES :
MAXIMUM CONCRETE STRAIN :
80% OF MAXIMUM MOMENT

STEEL LIMIT STRAIN
ITERATION ACCURACY :
STRAIN HARDENING OF STEEL

APPLIED AXTIAL LOAD :

36

0.01140
0.120000
0.001

0.5 (kips)

-Alg-

4446.6 (kipsin)

MOMENT

(kipsin)

1001.24
1334 .42
1667.09
1998.97
2329.65
2658.70
2985.55
3309.63
3630.25
3946.71
4204 .07
4413.45
4583.05
4725.81
4946.72
5108.14
5348.30
5449.31
5500.31
5536.68
5556 .47
5558.19
5527.43
5434.41
5339.16
5255.15
5211.47
5178.11

5558 (kipsin) EQUALS MAXIMUM MOMENT

Kwhv

S TS RESULT S(kips-in-unit)

CURVATURE

0.0000145
0.0000290
0.0000436
0.0000581
0.0000726
0.0000872
0.0001016
0.0001161
0.0001305
0.0001449
0.0001592
0.0001734
0.0001887
0.0002048
0.0002217
0.0002391
0.0002751
0.0003123
0.0004070
0.0005003
0.0005890
0.0006724
0.0007514
0.0008271
0.0009691
0.0010938
0.0012086
0.0013226
0.0014374
0.0016715



CIRCULAR COLUMNS - MANDER
CIRCULAR COLUMNS - MANDER

FILE NAME

. N3 |DowecL CONNECTION, P=200Kl;,

w‘,gé [4

o

KWIIL

MOMENT CURVATURE ANALYSIS RESULT S(kips-in-unit)

STEEL
STRAIN

MOMENT

(kipsin)

CURVATURE

CYCLE CONCRETE N.A.
NUMBER STRAIN DEPTH
(in)
1 0.000100 57.97
2 0.000200 19.53
3 0.000300 14.59
4 0.000400 12.35
5 0.000500 11.08
6 0.000600 10.28
7 0.000700 9.74
8 0.000800 9.34
9 0.000900 9.05
10 0.001000 8.82
11 0.001100 8.64
12 0.001200 8.50
13 0.001300 8.39
14 0.001400 8.30
15 0.001500 8.23
16 0.001600 8.17
17 0.001800 7.99
18 0.002000 7.81
19 0.002500 7.45
20 0.003000 7.23
21 0.003500 7.12
22 0.004000 7.08
23 0.004500 7.08
24 0.005000 7.12
25 0.006000 7.28 -
26 0.007000 7.51
27 0.008000 7.73
28 0.009000 7.90
29 0.010000 8.08
30 0.012000 8.29

0.000066
-0.000003
-0.000107
-0.000242
-0.000324
-0.000556
-0.000724
-0.000896
-0.001071
-0.001245
-0.001421
-0.001596
-0.001770
-0.001942
-0.002112
-0.002281
-0.002664
-0.003075
-0.004150
-0.005217
-0.006231
-0.007190
-0.008085
-0.008916
-0.010332
-0.011452
-0.012493
-0.013574
-0.014525
-0.016672

864 .92
1312.46
1664.66
1993.49
2315.82
2635.97
2954.86
3274.08
3587.20
3899.90
4208.31
4511.69
4809.34
5100.61
5383.07
5774.29
6045.31
6428.33
6586 .05
6630.91
6615.37
6585.85
6554.02
6424.39
6225.83
6057.44
5949.69
5831.40
5765.79

0.0000017
0.0000102
0.0000206
0.0000324
0.0000451
0.0000583
0.0000719
0.0000856
0.0000995
0.0001134
0.0001273
0.0001411
0.0001550
0.0001687
0.0001824
0.0001959
0.0002254
0.0002562
0.0003357
0.0004148
0.0004913
0.0005649
0.0006353
0.0007025
0.0008245
0.0009315
0.0010345
0.0011396
0.0012381
0.0014474

CONCRETE STRAIN EXCEEDS MAXTIMUM

CALCULATED IDEAL MOMENT

MAXTIMUM NUMBER OF CYCLES :
MAXIMUM CONCRETE STRAIN :
80% OF MAXIMUM MOMENT :
STEEL LIMIT STRAIN :
ITERATION ACCURACY :
STRAIN HARDENING OF STEEL

APPLIED AXIAL LOAD :

36
0.01140

0.120000
0.001

5304.7 (kipsin)

200.0 (kips)

- pla~

6631 (kipsin) EQUALS MAXIMUM MOMENT




PUSHOVER ANALYSIS F-LINE SIMULATION
20100 -1

36 35 19 1 1 2 386.2 5. 5. 0.01 5.8 1.
20 10 01 1.0 10 10 1

2

NODES 3

10-500111

2 0 -400

310 -400 1 1 1

4 0 -300

510 -300 111

6 0 -250 F—INE PVSHOVER
7 10 -250 1 1 1

8 0 -200 TNPUT DATA
9 10 -200 1 1 1

10 0 -150 Spages
11 10 -150 1 1 1

12 0 -126

13 10 -126 1 1 1
14 0 -102 0 0 0 0 0 0 O
15 10 -102 1 1 1

16 0 -90
17 10 -%0 1 1 1
18 0 -78

19 10 -78 1 1 1

20 0 -66 0 0 000 0O
21 10 -66 1 1 1

22 0 -54

23 10 -54 1 1 1

24 0 -42 0000000
25 10 -42 11 1

26 0 -30
27 10 -30 11 1
28 0 -18

29 10 -18 1 1 1

300 -6 0000000
31 10 -6 1 1 1

32 0 8

33 0 16

34 0 24

35 036.6 0110000
36 10 36.6 1 1 1
ELEMENTS 3

2

4

6

8

10

10 12
12 14
14 16

16 18
18 20
20 22
22 24
24 26
26 28
28 30
30 32
32 33
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[oNoNeNe]
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10

12
13
14
15
16
17
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e NoNoNoNeNoNala
eNoNoNoNoNaNeNal
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18 2 33 34 000
19 3 34 35

20 4 2 3

21 5 45

22 6 6 7

23 78 9

24 8 10 11

25 9 12 13

26 10 14 15

27 11 16 17

28 12 18 19

29 13 20 21

30 14 22 23

31 15 24 25

32 16 26 27

33 17 28 29

34 18 30 31

35 19 35 36

PROPS

1 FRAME

100 13

4770 2000 452 362 16286 0
10 10.0 10.0

500 -500 6217 -6217 6217 -6217
0.252 2650 -2650 2650 -2650
2 FRAME

1002

4770 2000 452 115 5100 0.0
10.0 10.0 10.0

500 -500 5692 -5692 5692 -5692

3 FRAME

1000

4770 2000 452 0.0 5100 0.0
4 SPRING

100 0 3333 0. 0. 0.001

5 SPRING

1000 1875 0. 0. 0.001

6 SPRING

1000 1042 0. 0. 0.001

7 SPRING

1000 833 0. 0. 0.001

8 SPRING

1000 463 0. 0. 0.001

9 SPRING

1200 252 0. 0. 0.001 0.001

126 -126 126 -126 126 -126

10 SPRING

1200153 0. 0. 0.001 0.001
76.5 -76.5 76.5 -76.5 76.5 -76.5
11 SPRING

1200900. 0. 0.001 0.001

45 -45 45 -45 45 -45

12 SPRING

1200 78 0. 0. 0.001 0.001

39 -39 39 -39 39 -39

13 SPRING

120066 0. 0. 0.001 0.001

33 -33 33 -33 33 -33

14 SPRING

120054 0. 0. 0.001 0.001 A‘)qé



27 -27 27 -27 27 -27

15 SPRING

120042 0. 0. 0.001 0.001
21 -21 21 -21 21 -21

16 SPRING

12002300. 0. 0.001 0.001
15 -15 15 -15 15 -15

17 SPRING

120018 0. 0. 0.001 0.001
9 -9 9 -99 -9

18 SPRING

120046 0. 0. 0.001 0.001
3 -33-33-3

19 SPRING

1000500. 0. 0.001
WEIGHTS O

35 1. 1. 1.

LOADS

35 0. 0. 0.

SHAPE

35 900. 0. O.

EQUAKE

310.11.00

START

10.00.0

2 10 1.0
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DATE: 21 JANUARY 2000 TIME 1:34: 1.83

STRUCTURE

PUSHOVER ANALYSIS F-LINE SIMULATION

ANALYSIS DETAILS
Analysis Type : In-elastic
Time Variation: Time-history - Newmark (Beta = 0.25)
Mass Matrix : Lumped
Damping Matrix: Alpha* [Mass] +Beta* [Initial Stiffness] Rayleigh Damping
Dynamic Force Loading with 1 Time-varying Force Inputs
Binary post-processor (.RES) file
Small Displacement analysis

STRUCTURAL DATA

Number of Space Dimensions 2
Number of Equations per Node 3 . ]
Number of Nodes 36 E -LIN& PUSHOVER
No.Apparent Degrees of Freedom 108
Number of Members 35 DATA ECHO
Number of Member Sections 13
Number of Mode Shapes Required 1 7?“3“
Pictures of Displaced Frame NO
Acceleration of Gravity 386.200
% Critical Damping Mode 1= 5.00
% Critical Damping Mode 2 = 5.00
TIME-HISTORY DATA
Excitation Time-step .01000 Seconds
Duration of Excitation 5.800 Seconds
Excitation Multiplier 1.000E+00
No. Steps between Print-outs 20
No. Steps between Disk Output 10
No. Steps between Pictures 0
ScreenPlot Mutiplier 10.000
Max. X Displace. (Screen) 10.000
Max. Y Displace. (Screen) 1.000
Max. Cycles of Newton-Raphson 2
Max. Cycles Damping Iteration 0
Force Norm Limit 1.000E-03
Wave Velocity - X axis. 0.000E+00
Wave Velocity - Y axis. 0.000E+00
DYNAPLOT Nodal Output: Displacement,Damping Force, Inertia Force & Load
1NODE POSITION OF NODES NODE FIXITY MASTER NODE OUTPUT
No. X Co-ord Y Co-ord X Y z X Y zZ Flag
1 0.0000E+00-5.0000E+02 1 1 1 0 0 0 3
2 0.0000E+00-4.0000E+02 0 0 0 0 0 0 3
3 1.0000E+01-4.0000E+02 1 1 1 0 0 0 3
4 0.0000E+00-3.0000E+02 0 0 0 0 0 0 3
5 1.0000E+01-3.0000E+02 1 1 1 0 0 0 3
6 0.0000E+00-2.5000E+02 0 0 0 0 0 0 3
7 1.0000E+01-2.5000E+02 1 1 1 o 0 0 3
8 0.0000E+00-2.0000E+02 0 0 0 0 0 0 3
9 1.0000E+01-2.0000E+02 1 1 1 0 0 0 3
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1

io0
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

HRooooOrHROFHOMBMOHORPROHOHOHOFHOKORO

MEMBER
Number Number Endl

N

.0000E+00-1.5000E+02
.0000E+01-1.5000E+02
.0000E+00-1.2600E+02
.0000E+01-1.2600E+02
.0000E+00-1.0200E+02
.0000E+01-1.0200E+02
.0000E+00-9.0000E+01
.0000E+01-9.0000E+01
.0000E+00-7.8000E+01
.0000E+01-7.8000E+01
.0000E+00-6.6000E+01
.0000E+01-6.6000E+01
.0000E+00-5.4000E+01
.0000E+01-5.4000E+01
.0000E+00-4.2000E+01
.0000E+01-4.2000E+01
.0000E+00-3.0000E+01
.0000E+01-3.0000E+01
.0000E+00-1.8000E+01
.0000E+01-1.8000E+01
.0000E+00-6.0000E+00
.0000E+01-6.0000E+00
.0000E+00 8.0000E+00
.0000E+00 1.6000E+01
.0000E+00 2.4000E+01
.0000E+00 3.6600E+01
.0000E+01 3.6600E+01

HFOOOOKHROHOKOHORROFFOKROHOHFHOHORO

SECTION NODE NODE
End2 Innerl

1
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
33
34
2
4
6
8
i0
12
10 14
11 16
12 18
13 20
14 22

WONAUIAWNNNHRHERRERBREEERPRHEERER
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NODE

1

2

4

6

8
10
12
14
16
18
20
22
24
26
28
30
32
33
34

2

4

6

8
10
12
14
16
18
20
22

HFHOOOHOKFOHOHHOFOHROHOHORHrOHOKO

e ReReReRe kel R=R=R=NeNsNsNoNeNeNolNoNaloNoNoNoleNoNo ol

NODE
Inner2
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
33
34
35
3
5
7
°
11
i3
15
17
19
21
23

leloReXeReReReReNoNoNeNeNoNeNoNoNoRoNoNoNoNoNoolNolle o]
leXeReR=RoRe R RX=ReR=EeNeNoNeRoNoNoNoNoNo oo oo e el o
WowWwwwwowwwwwowwwowwwwwowWwwww

NODE OUTPUT
zZz-axis Flag
3
3
3
3
3
0
0
0
0
0
0]
0
0
0
0]
0
0
0]
3
3
3
3
3
3
3
3
3
3
3
3




31 15 24 25 24 25 3

32 16 26 27 26 27 3

33 17 28 29 28 29 3

34 18 30 31 30 31 3

35 19 35 36 35 36 3
1 MEMBER PROPERTIES TABLE

Elastic Modulus = 4.770E+03
Cross Sectional Area. = 4.520E+02
Moment of Inertia . . . = 1.629E+04
End-block Length End 1 = 0.000E+00
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO
Bi-linear r Axial . . . = 1.000
Plas.Hinge Length End 1 = 10.000

Giberson ONE-COMPONENT BEAM SECTION
Tension Yield . . . . . = 5.000E+02
vield Moment +ve End 1 = 6.217E+03
Yield Moment +ve End 2 = 6.217E+03

Shear Modulus . . .
Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End
Bi-linear r Flexure
Plas.Hinge Length End

Compression Yield
vield Moment -ve End
Yield Moment -ve End

MUTO Hysteresis (A=Endl or X, B=End2 or Y)

Cracked Stiffness Fact. =
Positive Cracking "A" . = 2.650E+03
Positive Cracking "B" = 2.650E+03

Negative Cracking "A"
Negative Cracking "B"

0SECTION NUMBER 2 TYPE=FRAME -GIBERSON BEAM

Elastic Modulus . . . . = 4.770E+03
Cross Sectional Area. . = 4.520E+02
Moment of Inertia . . . = 5.100E+03
End-block Length End 1 = 0.000E+00
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO
Bi-linear r Axial . = 1.000
Plas.Hinge Length End 1 = 10.000

Giberson ONE-COMPONENT BEAM SECTION

Tension Yield . . . . = 5.000E+02
vYield Moment +ve End 1 = 5.692E+03
vield Moment +ve End 2 = 5.692E+03

Bi-Linear Hysteresis

Sshear Modulus . . . .
Shear Area. . .
Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End
Bi-linear r Flexure .
Plas.Hinge Length End

Compression Yield .
Yield Moment -ve End
vield Moment -ve End

0SECTION NUMBER 3 TYPE=FRAME -GIBERSON BEAM

Elastic Modulus . . = 4.770E+03
Cross Sectional Area. = 4.520E+02
Moment of Inertia . . . = 5.100E+03
End-block Length End 1 = 0.000E+00
Joint Flexibility End 1 = 0.000E+00
perfect Hinge at End 1 = NO

Linear Elastic Hysteresis

0SECTION NUMBER 4 TYPE=SPRING

Spring Stiffness in X . = 3.333E+03

A-19£¢

Shear Modulus . .
Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
perfect Hinge at End

Spring Stiffness in Y

NN

wononowoonond

NN

wwononnonnn

.000E+03
.620E+02
.000E+00
.000E+00
.000E+00
NO

.000
10.000

OOOWN

=-5.000E+02
=-6.217E+03

=-6.217E+03

=-2.650E+03
=-2.650E+03

2.000E+03
1.150E+02
0.000E+00
0.000E+00
0.000E+00
NO

.000
10.000

-5.000E+02
-5.692E+03
-5.692E+03

2.000E+03
0.000E+00
0.000E+00
0.000E+00
0.000E+00

NO

0.000E+00



Rotational Stiffness. = 0.000E+00  Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .000 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000

Linear Elastic Hysteresis

0SECTION NUMBER 5 TYPE=SPRING

Spring Stiffness in X . = 1.875E+03 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .000 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000

Linear Elastic Hysteresis

0SECTION NUMBER 6 TYPE=SPRING

Spring Stiffness in X . = 1.042E+03 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .000 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
Linear Elastic Hysteresis

O0SECTION NUMBER 7 TYPE=SPRING
Spring Stiffness in X . = 8.330E+02 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .000 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
Linear Elastic Hysteresis

O0SECTION NUMBER 8 TYPE=SPRING
Spring Stiffness in X = 4.630E+02 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .000 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
Linear Elastic Hysteresis

0SECTION NUMBER 9 TYPE=SPRING
Spring stiffness in X = 2.520E+02 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. . = 0.000E+00 Weight/ (Unit Length). = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. . = 1.260E+02 Negative X Force. . . . =-1.260E+02
Positive Y Force. . . . = 1.260E+02 Negative Y Force. . =-1.260E+02
Positive Moment . . . . = 1.260E+02 Negative Moment . . . . =-1.260E+02
Bi-Linear Hysteresis

0SECTION NUMBER 10 TYPE=SPRING
Spring Stiffness in X . = 1.530E+02 Spring Stiffness in Y = 0.000E+00
Rotational stiffness. = 0.000E+00 Weight/(Unit Length). = 1.000E-03

A-19¢




.001 Bilinear Factor Rotation= .000
.000

BRilinear Factor Transln.
Angle Global-Local axes

3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS

Positive X Force. = 7.650E+01 Negative X Force. . . . =-7.650E+01
Positive Y Force. . = 7.650E+01 Negative Y Force. . . . =-7.650E+01
Positive Moment . . . . = 7.650E+01 Negative Moment . . . . =-7.650E+01

Bi-Linear Hysteresis

0SECTION NUMBER 11 TYPE=SPRING

Spring Stiffness in X = 9.000E+01 = Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000

3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS

Positive X Force. . . . = 4.500E+01 Negative X Force. . . . =-4.500E+01
Positive Y Force. = 4.500E+01 Negative Y Force. . . . =-4.500E+01
Positive Moment = 4.500E+01 Negative Moment . . . . =-4.500E+01

Bi-Linear Hysteresis

0SECTION NUMBER 12 TYPE=SPRING

Spring Stiffness in X . = 7.800E+01 Spring Stiffness in Y = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. = 3.900E+01 Negative X Force. . . . =-3.900E+01
Positive Y Force. . . = 3.900E+01 Negative Y Force. . . . =-3.900E+01
Positive Moment = 3.900E+01 Negative Moment . . . . =-3.900E+01
Bi-Linear Hysteresis

OSECTION NUMBER 13 TYPE=SPRING
Spring Stiffness in X = 6.600E+01 Spring Stiffness in Y = 0.000E+00
Rotational Stiffness. . = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. . . = 3.300E+01 Negative X Force. . . . =-3.300E+01
Positive Y Force. . . = 3.300E+01 Negative Y Force. . . . =-3.300E+01
Positive Moment . . . . = 3.300E+01 Negative Moment . . . . =-3.300E+01
Bi-Linear Hysteresis

0SECTION NUMBER 14 TYPE=SPRING
Spring Stiffness in X . = 5.400E+01 Spring Stiffness in ¥ . = 0.000E+00
Rotational Stiffness. . = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000

3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS

A-1h



Positive X Force. = 2.700E+01 Negative X Force. . . . =-2.700E+01
Positive Y Force. . = 2.700E+01 Negative Y Force. . . . =-2.700E+01
Positive Moment . . . . = 2.700E+01 Negative Moment . . . . =-2.700E+01

Bi-Linear Hysteresis

0SECTION NUMBER 15 TYPE=SPRING

Spring Stiffness in X = 4.200E+01 Spring Stiffness in Y = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length) . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotations= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. . . = 2.100E+01 Negative X Force. . . . =-2.100E+01
Positive Y Force. . . . = 2.100E+01 Negative Y Force. . . . =-2.100E+01
Positive Moment . . . . = 2.100E+01 Negative Moment . . . . =-2.100E+01
Bi-Linear Hysteresis

0SECTION NUMBER 16 TYPE=SPRING
Spring Stiffness in X = 3.000E+01 Spring Stiffness in ¥ . = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS |
Positive X Force. . . . = 1.500E+0l Negative X Force. . . =-1.500E+01
Positive Y Force. . = 1.500E+01 Negative Y Force. . =-1.500E+01
Positive Moment . . . . = 1.500E+01 Negative Moment =-1.500E+01
Bi-Linear Hysteresis

0SECTION NUMBER 17 TYPE=SPRING
Spring Stiffness in X = 1.800E+01 Spring Stiffness in Y . = 0.000E+00
Rotational Stiffness. . = 0.000E+00 Weight/(Unit Length). . = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. . . . = 9.000E+00 Negative X Force. . . . =-9.000E+00
Positive Y Force. . . . = 9.000E+00 Negative Y Force. . . . =-9.000E+00
Positive Moment = 9.000E+00 Negative Moment . . . . =-9.000E+00
Bi-Linear Hysteresis

0SECTION NUMBER 18 TYPE=SPRING
Spring Stiffness in X . = 6.000E+00 Spring Stiffness in Y = 0.000E+00
Rotational Stiffness. = 0.000E+00 Weight/ (Unit Length). = 1.000E-03
Bilinear Factor Transln.= .001 Bilinear Factor Rotation= .000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS
Positive X Force. . . . = 3.000E+00 Negative X Force. =-3.000E+00
Positive Y Force. . . . = 3.000E+00 Negative Y Force. . . =-3.000E+00
Positive Moment . . . . = 3.000E+00 Negative Moment . . . . =-3.000E+00
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Bi-Linear Hysteresis

0SECTION NUMBER 19 TYPE=SPRING

Spring Stiffness in X .
Rotational Stiffness.
Bilinear Factor Transln.
Angle Global-Local axes

o nn

Linear Elastic Hysteresis

5.000E+01 Spring Stiffness in Y =
0.000E+00 Weight/ (Unit Length). =
.000 Bilinear Factor Rotation=
.000
A’IQJ

0.000E+00
1.000E-03
.000



Horizontal Axis=DI
Vertical A Axis=F

1
2

3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
‘36
37
38
" 39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

0.0000E+00
1.7714E-01
3.5244E-01
5.2700E-01
7.0140E-01
8.7590E-01
1.0506E+00
1.2254E+00
1.4004E+00
1.5755E+00
1.7507E+00
1.9259E+00
2.1011E+00
2.2763E+00
2.4515E+00
2.6267E+00
2.8019E+00
2.9771E+00
3.1523E+00
3.3275E+00
3.5027E+00
3.6779E+00
3.8531E+00
4.0282E+00
4.2034E+00
4.3786E+00
4 .5538E+00
4.7290E+00
4.9042E+00
5.0794E+00
5.2546E+00
5.4298E+00
5.6050E+00
5.7802E+00
5.9554E+00
6.1306E+00
€.3060E+00
6.4822E+00
6.6586E+00
6.8353E+00
7.0119E+00
7.1886E+00
7.3652E+00
7.5420E+00
7.7187E+00
7.8956E+00
8.0727E+00
8.2497E+00
8.4268E+00
8.6038E+00
8.7809E+00
8.9580E+00
9.1351E+00
9.3121E+00
9.4892E+00
9.6663E+00
9.8433E+00
1.0020E+01

(&)

F

0.0000E+00
2.4290E-01
4.8327E-01
7.2263E-01
9.6178E-01
1.2011E+00
1.4406E+00
1.6804E+00
1.9203E+00
2.1604E+00
2.4006E+00
2.6408E+00
2.8810E+00
3.1213E+00
3.3615E+00
3.6017E+00
3.8420E+00
4.0822E+00
4.3225E+00
4.5627E+00
4.8029E+00
5.0431E+00
5.2834E+00
5.5236E+00
5.7638E+00
6.0041E+00
6.2443E+00
6.4845E+00
6.7248E+00
6.9650E+00
7.2052E+00
7.4455E+00
7.6857E+00
7.9259E+00
8.1662E+00
8.4064E+00
8.6345E+00
8.8267E+00
9.0049E+00
9.1720E+00
9.3398E+00
9.5077E+00
9.6730E+00
9.8362E+00
9.9994E+00
1.0153E+01
1.0301E+01
1.0449E+01
1.0598E+01
1.0745E+01
1.0891E+01
1.1037E+01
1.1184E+01
1.1330E+01
1.1477E+01
1.1624E+01
1.1771E+01
1.1918E+01

(»
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Horizontal Axis=DISP
Axis=FORCE F

Vertical

.

N
O
WOUWWVWWOWWOUWWYWRR0NDOIIINIIIaaanaananaanunnnnnnUunnds bdbdRWOWWWBWWWNMNMNMNMNOMHRPREPEEHEHOOANRVRWRO

.0000E+00
.7328E-01
.4533E-01
.1690E-01
.8836E-01
.5987E-01
.0315E+00
.2032E+00

3750E+00
5469E+00
7188E+00

.8908E+00
.0628E+00
.2347E+00
.4067E+00
.5787E+00
.7507E+00
.9227E+00
.0947E+00
.2667E+00
.4387E+00
.6107E+00
.7827E+00
.9547E+00
.1267E+00
.2987E+00
.4707E+00
.6434E+00
.8172E+00
.9913E+00
.1657E+00
.3403E+00

514%E+00

.6895E+00
.8641E+00
.0389E+00
.2141E+00
.3892E+00
.5644E+00
.7395E+00
.9146E+00
.0898E+00
.2648E+00
.4400E+00
.6152E+00
.7903E+00
.9655E+00
.1407E+00
.3158E+00
.4911E+00
.6663E+00
.8415E+00
.0168E+00
.1920E+00
.3672E+00
.5425E+00
.717T7E+00
.8929E+00

(4)

0.0000E+00
4.0315E~-01
8.0345E-01
1.2026E+00
1.6015E+00
2.0006E+00
2.3999E+00
2.7994E+00
3.1991E+00
3.5990E+00
3.9990E+00
4 .3991E+00
4.7992E+00
5.1994E+00
5.5996E+00
5.9997E+00
6.3999%E+00
6.8001E+00
7.2002E+00
7.6004E+00
8.0006E+00
8.4007E+00
8.8009E+00
9.2011E+00
9.6013E+00
1.0001E+01
1.0402E+01
1.0768E+01
1.1078E+01
1.1371E+01
1.1649E+01
1.1919E+01
1.2190E+01
1.2460E+01
1.2731E+401
1.2988E+01
1.3230E+01
1.3472E+01
1.3715E+01
1.3958E+01
1.4202E+01
1.4446E+01
1.4690E+01
1.4934E+01
1.5176E+01
1.5417E+01
1.5659E+01
1.5900E+01
1.6142E+01
1.6380E+01
1.6618E+01
1.6856E+01
1.7095E+01
1.7333E+01
1.7571E+01
1.7810E+01
1.8049E+01
1.8287E+01

(@)

NB).DAT B Lins Data

PUSHOUER RESULTS
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NCI1.DRi | C Lipe Do .
Horizontal Axis=D
Vertical A Axis=F F
1 0.0000E+00 0.0000E+00
5 1.5393E-01 6.8562E-01
3 3.1913E-01 1.4214E+00
4 4.8441E-01 2.1575E+00 PUSHONER RESULTS
t 6.4969E-01 2.8936E+00
€ 8.1496E-01 323.6297E+00 C-uNe  PULE
7  9.8024E-01 4.3658E+00 . .
8 1.1455E+00 5.1019E+00 (D15F, ing (F"m‘k‘f‘)
9 1.3108E+00 5.8380E+00
10 1.4761E+00 6.5741E+00
11 1.6414E+00 7.3102E+00
12 1.8066E+00 8.0463E+00
13 1.9719E+00 8.7824E+00
1a 2.1372E+00 9.5186E+00
15 2.3025E+00 1.0255E+01
16 2.4677E+00 1.0991E+01
17 2.6330E+00 1.1727E+01
18 2.7983E+00 1.2463E+01
19 2.9636E+00 1.3199E+01
. 20 3.1289E+00 1.3930E+01
51 3.2969E+00 1.4523E+01
52 3.4660E+00 1.5064E+01
53 3.6355E+00 1.5587E+01
52 3.8055E+00 1.6087E+01
55 3.9756E+00 1.6582E+01
56 4.1458E+00 1.7070E+01
57 4.3161E+00 1.7558E+01
28 4.4867E+00 1.8023E+01
50 4.6576E+00 1.8476E+01
30 4.8285E+00 1.8929E+01
31 4.9996E+00 1.9376E+01
35 5.1707E+00 1.9823E+01
33 5.3417E+00 2.0271E+01
34 5.5128E+00 2.0716E+01
35 5.6840E+00 2.1156E+01
36 5.8552E+00 2.1596E+01
37 6.0264E+00 2.2037E+01
38 6.1976E+00 2.2477E+01
39 6.3687E+00 2.2918E+01
20 6.5400E+00 2.3355E+01
41 6.7113E+00 2.3792E+01
412 €.8825E+00 2.4229E+01
43 7.0539E+00 2.4660E+01
44 7.2255E+00 2.5081E+01
45 7.3970E+00 2.5502E+01
i€ 7.5686E+00 2.5923E+01
47 7.7402E+00 2.6344E+01
48 7.9119E+00 2.6719E+01
49 8.0893E+00 2.6869E+01
50 8.2668E+00 2.6995E+01
51 8.4443E+00 2.7120E+01
52 8.6218E+00 2.7246E+01
53 8.7993E+00 2.7372E+01
c2 8.9767E+00 2.7498E+01
5t 9.1542E+00 2.7623E+01
56 9.3317E+00 2.7749E+01
57 9.5092E+00 2.7875E+01
58 9.6867E+00 2.8000E+01
(&) (F) A-22




Horizontal Axis=DISP
Vertical A AxXxis=FORCE F

0.0000E+00
1.4605E-01
2.9452E-01
4.4408E-01
5.9393E-01
7.4368E-01
8.9321E-01
1.0425E+00
1.1917E+00
1.3408E+00
1.4899E+00
1.6390E+00
1.7880E+00
1.9371E+00
2.0920E+00
2.2484E+00
2.4063E+00
2.5643E+00
2.7227E+00
2.8817E+00
3.0408E+00
3.2007E+00
3.3613E+00
3.5219E+00
3.6824E+00
3.8429E+00
4.0037E+00
4.1653E+00
4.3269E+00
4.4884E+00
4.6500E+00
4.8174E+00
4.9915E+00
5.1656E+00
5.3398E+00
5.5143E+00
5.6891E+00
5.8639E+00
6.0386E+00
6.2134E+00
6.3882E+00
6.5629E+00
6.7377E+00
6.9125E+00
7.0873E+00
7.2620E+00
7.4368E+00
7.6116E+00
7.7863E+00
7.9611E+00
8.1360E+00
8.3113E+00
8.4866E+00
8.6615E+00
8.8369E+00
9.0161E+00
9.1962E+00
9.3763E+00

(4)

0.0000E+00
-1.5146E+00
-3.0543E+00
-4.6052E+00
-6.1591E+00
-7.7120E+00
-9.2627E+00
-1.0811E+01
-1.2358E+01
-1.3905E+01
-1.5450E+01
-1.6996E+01
-1.8542E+01
-2.0088E+01
-2.1354E+01
-2.2524E+01
-2.3624E+01
-2.4721E+01
-2.5804E+01
-2.6851E+01
-2.7898E+01
-2.8899E+01
-2.9868E+01
-3.0839E+01
-3.1815E+01
-3.2790E+01
-3.3751E+01
-3.4672E+01
-3.5594E+01
-3.6515E+01
-3.7437E+01
-3.8098E+01
-3.8379E+01
-3.8661E+01
-3.8945E+01
-3.9215E+01
-3.9476E+01
-3.9738E+01
~-3.9999E+01
-4.0261E+01
-4 .0522E+01
-4 .0784E+01
-4 .1045E+01
-4.1307E+01
-4 . 1568E+01
-4 .1830E+01
-4 .2091E+01
-4 .2353E+01
-4.2614E+01
~4.2875E+01
-4 .3133E+01
-4 .3370E+01
-4.3603E+01
-4 .3825E+01
-4.4071E+01
~-4.4113E+01
-4.4124E+01
-4.4116E+01

(NDY D Lt ol . Loyl gwum’.
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Horizontal Axis=DISP
Vertical , Axis=FORCE F

0.0000E+C0 0.0000E+00
1.0242E-01 -3.5537E+00
2.1373E-01 -7.4148E+00
3.1831E-01 -1.1043E+01
4.2375E-01 -1.4701E+01
5.3115E-01 -1.8427E+01
6.3703E-01 -2.2100E+01
7.4312E-01 -2.5781E+01
8.4964E-01 -2.9476E+01
9.5581E-01 -3.3160E+01
1.0622E+00 -3.6825E+01
1.1789E+00 -3.9993E+01
1.2992E+00 -4.2983E+01
1.4199E+00 -4.5942E+01
1.5434E+00 -4.8769E+01
1.6670E+00 -5.1594E+01
1.7923E+00 -5.4326E+01
1.9185E+00 -5.7020E+01
2.0446E+00 -5.9711E+01
2.1717E+00 -6.2357E+01
2.3015E+00 -6.4868E+01
2.4521E+00 -6.6276E+01
2.6148E+00 -6.7165E+01
2.7775E+00 -6.8042E+01
2.9401E+00 -6.8917E+01
3.1043E+00 -6.9757E+01
3.2680E+00 -7.0432E+01
3.4341E+00 -7.1272E+01
3.5987E+00 -7.1951E+01
3.7628E+00 -7.2733E+01
3.9275E+00 -7.3481lE+01
4.0934E+00 -7.4208E+01
4.2592E+00 -7.4950E+01
4.4256E+00 -7.5698E+01
4.5904E+00 -7.6427E+01
4.7569E+00 -7.7093E+01
4.9239E+00 -7.7672E+01
5.1059E+00 -7.7636E+01
5.2850E+00 -7.7684E+01
5.4628E+00 -7.7706E+01
5.6494E+00 -7.7544E+01
5.8237E+00 -7.7589E+01
6.0057E+00 ~-7.7481E+01
6.1833E+00 -7.7678E+01
6.3663E+00 -7.7404E+01
6.5433E+00 -7.7480E+01
6.7283E+00 -7.7488E+01
6.9045E+00 -7.7679E+01
7.0866E+00 -7.7386E+01
7.2616E+00 -7.7685E+01
7.4448E+00 -7.7694E+01
7.6242E+00 -7.7683E+01
7.8079E+00 -7.7693E+01

7.9858E+00 -7.7697E+01
8.1662E+00 -7.7696E+01
8.3449E+00 -7.7703E+01
8.5265E+00 -7.7693E+01
8.7045E+00 -7.7698E+01

(0 P
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Horizontal Axis=D

Vertical Axis=F
1 O0.0000E+00
2 4.9029E-02
3 9.7748E-02
4 1.4635E-01
5 1.9493E-01
6 2.4353E-01
7 2.9216E-01
8 3.4082E-01
g 3.8951E-01

10 4.3820E-01
11 4.8691E-01
12 5.3562E-01
13 5.8904E-01
14 6.4521E-01
15 7.0284E-01
16 7.6383E-01
17 8.2637E-01
18 8.9178E-01
19 9.5912E-01
20 1.0268E+00
21 1.1476E+00
22 1.2729%9E+00
23 1.3982E+00
24 1.5310E+00
‘25 1.6647E+00
26 1.7992E+00
27 1.9347E+00
28 2.0716E+00
29 2.2134E+00
30 2.3550E+00
31 2.4966E+00
32 2.6383E+00
33 2.7967E+00
34 2.9691E+00
35 3.1451E+00
36 3.3222E+00
37 3.5018E+00
38 3.6817E+00
39 3.8616E+00
40 4.0415E+00
41 4.2213E+00
42 4.4012E+00
43 4.5811E+00
44 4.7610E+00
45 4 .9408E+00
46 5.1207E+00
47 5.3006E+00
48 5.4805E+00
49 5.6604E+00
50 5.8402E+00
51 6.0201E+00
52 6.2000E+00
53 6.3799E+00
54 6.5597E+00
55 6.7396E+00
56 6.9195E+00
57 7.0994E+00
58 7.2792E+00

Q)

F Qe ])afa.,44£¢ﬂl 3*°“AJ‘

0.0000E+00
6.6069E+00
1.3173E+01
1.9722E+01
2.6269E+01
3.2819E+01
3.9373E+01
4.5931E+01
5.2492E+01
5.9055E+01
6.5619E+01
7.2184E+01
7.8497E+01
8.4686E+01
9.0814E+01
9.6763E+01
1.0263E+02
1.0837E+02
1.1399E+02
1.1960E+02
1.2246E+02
1.2526E+02
1.2800E+02
1.3037E+02
1.3268E+02
1.3494E+02
1.3713E+02
1.3925E+02
1.4113E+02
1.4301E+02
1.4490E+02
1.4679E+02
1.4815E+02
1.4824E+02
1.4835E+02
1.4851E+02
1.4857E+02
1.4859E+02
1.4860E+02
1.4863E+02
1.4867E+02
1.4870E+02
1.4872E+02
1.4874E+02
1.4877E+02
1.4878E+02
1.4880E+02
1.4881E+02
1.4882E+02
1.4883E+02
1.4884E+02
1.4885E+02
1.4886E+02
1.4886E+02
1.4887E+02
1.4888E+02
1.4889E+02
1.4889E+02

3
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METHOD B ANALYSIS OF NAVY WHARF
201000

9 12 6 51 2 386.2 5. 5.
52011. 10 5. 5.

0.01 2 1

2

NODES 0

1 -1386 570.5 0 0 O
2 -1396 570.5 111
3 1386 570.5 0 0 0
4 1376 570.5 111
5 -1386 -251.3 0 0 O
6 -1396 -251.3 1 11
7 1386 -251.3 0 0 0
8 1376 -251.3 111
9 0. 0. 000
ELEMENTS 0

1112

213 4

3256

4 27 8

5513

6 557

7315

8 337

96 19

10 6 3 9

11 4 5 9

12 4 7 9

PROPS

1 SPRING

14 0 0 2800. 2800. 10000. 0. 0.1
350 -350 350 -350 350 -350

0.5 0.5 12

2 SPRING

1400 81.581.5 1000. 0. 0.1 1.
40 -40 40 -40 40 -40

0.5 0.5 12

3 FRAME

1000

47700. 20000. 100000. 0. 500000.
4 FRAME

1

47700. 20000. 100000. 0. 500000.
5 FRAME

1

47700. 20000. 100000. 0. 500000.
6 FRAME

1

47700. 20000. 100000. 0. 500000.
WEIGHTS 0

1 3061 3061 3061

3 3061 3061 3061

5 7163 7163 7163

7 7163 7163 7163

LOADS

10. 0. O.

EQUAKE

010.01 1.0 -1

START

1.

0. 400.

0. 700.

Date for Method B
T?ZETHDD B INPUT DATR
T —~1 page-
400.
700.

0. 1350 1350

0. 745.

A-26
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RuAMOKD Mobes B vam ecwo P B2

+ MObAL DATA
DATE: 15 FEBRUARY 2000 TIME 7:12:37.89

STRUCTURE

METHOD B ANALYSIS OF NAVY WHARF

ANALYSIS DETAILS

Analysis Type : In-elastic

Time Variation: Time-history - Newmark (Beta = 0.25)

Mass Matrix : Lumped

Damping Matrix: Alpha* [Mass] +Beta* [Initial Sstiffness] Rayleigh Damping
Earthquake Excitation with 1 Accelerogram Components

Binary post-processor (.RES) file

Small Displacement analysis

STRUCTURAL DATA

Number of Space Dimensions 2
Number of Equations per Node 3
Number of Nodes 9 [
No.Apparent Degrees of Freedom 27 METHOD B
Number of Members 12 RUAUMOKO DATR ECHO
Number of Member Sections 6
Number of Mode Shapes Required 5 a MODAL RESULTS
Pictures of Displaced Frame NO _.4Bnﬁgs
Acceleration of Gravity 386.200
% Critical Damping Mode 1= 5.00
% Critical Damping Mode 2 = 5.00
TIME-HISTORY DATA
Excitation Time-step .01000 Seconds
Duration of Excitation 2.000 Seconds
Excitation Multiplier 1.000E+00
No. Steps between Print-outs 5
No. Steps between Disk Output 2
No. Steps between Pictures 0
ScreenPlot Mutiplier 10.000
Max. X Displace. (Screen) 5.000
Max. Y Displace. (Screen) 5.000
Max. Cycles of Newton-Raphson 2
Max. Cycles Damping Iteration 0
Force Norm Limit 1.000E-03
Wave Velocity - X axis. 0.000E+00
Wave Velocity - Y axis. 0.000E+00
1st Quake component from X .000 Degrees
DYNAPLOT Nodal Output: Displacement, Damping Force,Inertia Force & Load
1NODE POSITION OF NODES NODE FIXITY MASTER NODE OUTPUT
No. X Co-ord Y Co-ord X Y z X Y z Flag
1 -1.3860E+03 5.7050E+02 0 0 0 0 0 0 0
2 -1.3960E+03 5.7050E+02 1 1 1 0 C 0 0
3 1.3860E+03 5.7050E+02 0 0] 0 0 0 0 0
4 1.3760E+03 5.7050E+02 1 1 1 0 0 0 0
5 -1.3860E+03-2.5130E+02 0 0 C 0 0 0 0
6 -1.3960E+03-2.5130E+02 1 1 1 0 0 0 0
7 1.3860E+03-2.5130E+02 0] 0 0 0 0 0 0
8 1.3760E+03-2.5130E+02 1 1 1 0 0 0 0
A-2#




9 0.0000E+00 0.0000E+00
MEMBER SECTION NODE NODE
Number Number Endl End2

1 1 1 2
2 1 3 4
3 2 5 6
4 2 7 8
5 5 1 3
6 5 5 7
7 3 1 5
8 3 3 7
9 6 1 9
10 6 3 9
11 4 5 9
12 4 7 9

NODE

Innerl

NUOUWRHRWRHEOBRHEJUOWR

NODE OUTPUT
zz-axis Flag

NODE
Inner2

VWOWOWOUNIUIaWoONBN
OO0 OO0OO0OO0OO0O0OO0O

MEMBER PROPERTIES TABLE

Spring Stiffness in X . = 2.800E+03
Rotational Stiffness. = 1.000E+04
Bilinear Factor Transln.= .100
Angle Global-Local axes = .000

3 SPRING COMPONENTS - NO INTERACTION -

Positive X Force. . . . = 3.500E+02
Positive Y Force. . . . = 3.500E+02
Positive Moment = 3.500E+02
Modified Bi-linear TAKEDA Hystersis
ALPHA (Unloading) . . . = .5000
N Power Factor. . . . . = 1.

O0SECTION NUMBER 2 TYPE=SPRING
Spring Stiffness in X 8.
Rotational Stiffness. . 1.
Bilinear Factor Transln.
Angle Global-Local axes

noan

3 SPRING COMPONENTS -

150E+01
000E+03
.100
.000

NO INTERACTION -

Pogitive X Force. . . = 4.000E+01
Positive Y Force. . . . = 4.000E+01
Positive Moment . . . . = 4.000E+01
Modified Bi-linear TAKEDA Hystersis
ALPHA (Unloading) . . . = .5000
N Power Factor. . . . . = 1.

0SECTION NUMBER

Elastic Modulus . . . . = 4.
Cross Sectional Area. . = 1.
Moment of Inertia . . = 5.
End-block Length End = 4.

1
Joint Flexibility End 1
1

Perfect Hinge at End

0.

770E+04
000E+05
000E+05
000E+02
000E+00

NO

A-2%

Spring Stiffness in Y
Weight/ (Unit Length) .
Bilinear Factor Rotation

II W

YIELD FORCES AND MOMENTS
Negative X Force. . . .
Negative Y Force. . . .
Negative Moment . . . .

BETA (Reloading) . .
Unload (1=DRAIN;2= EMORI)

Spring Stiffness in Y .
Weight/ (Unit Length). .
Bilinear Factor Rotation=

YIELD FORCES AND MOMENTS
Negative X Force. .
Negative Y Force. . .
Negative Moment . . . .

BETA (Reloading) . .
Unload (1=DRAIN;2= EMORI)

3 TYPE=FRAME -GIBERSON BEAM

Shear Modulus . . . . .
Shear Area. . . .
Weight/ (Unit Length)

End-block Length End
Joint Flexibility End
perfect Hinge at End

LI 1 S

NN

A-8-3

2.800E+03
0.000E+00
1.000

.500E+02
.500E+02
.500E+02

.5000
2.

8.150E+01
0.000E+00
1.000

-4.000E+01
-4.000E+01
-4_.000E+01

.5000
2.

2.000E+04
0.000E+00
0.000E+00
4.000E+02
0.000E+00

NO



0SECTION NUMBER

O0SECTION NUMBER

0SECTION NUMBER

Linear Elastic Hysteresis

Elastic Modulus = 4.770E+04
Cross Sectional Area. = 1.000E+05
Moment of Inertia = 5.000E+05
End-block Length End 1 = 7.000E+02
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO

Linear Elastic Hysteresis

Elastic Modulus . . . . = 4.770E+04
Cross Sectional Area. = 1.000E+05
Moment of Inertia . . = 5.000E+05
End-block Length End 1 = 1.350E+03
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO

Linear Elastic Hysteresis

Elastic Modulus . . . . = 4.770E+04
Cross Sectional Area. = 1.000E+05
Moment of Inertia . . . = 5.000E+05
End-block Length End 1 = 7.450E+02
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO

Linear Elastic Hysteresis

4 TYPE=FRAME -GIBERSON BEAM

Shear Modulus

Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
rPerfect Hinge at End

5 TYPE=FRAME -GIBERSON BEAM

Shear Modulus . . . .
Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

6 TYPE=FRAME -GIBERSON BEAM

Shear Modulus
Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

1 LUMPED WEIGHT AT NODE
Node X-Weight  Y-Weight Z-Rotatn
1 3.061E+03 3.061E+03 3.061E+03
3 3.061E+03 3.061E+03 3.061E+03
5 7.163E+03 7.163E+03 7.163E+03
7 7.163E+03 7.163E+03 7.163E+03
1 STATIC LOADING
Node X-Force Y-Force Z-Moment
1
EXCITATION COMPONENT 1 is in " BERG " FORMAT

1FINAL TOTAL

In FILE. . . . .ELLAONSC.EQB
First Line Number = 1
Digitizing DT. = .010
1/(Scale-Factor) .= 1.000E+00

Excitation zero padded after End-of-File

Initial Velocity = .000
Initial Displacemt= .000
Time Scale = 1.000

"L,UMPED" NODAL WEIGHT

NODE X Dirtn. Y Dirtn. Theta-2Z
1 3.0610E+03 3.0610E+03 3.0610E+03
3 3.0610E+03 3.0610E+03 3.0610E+03
5 7.1630E+03 7.1630E+03 7.1630E+03

A-29

NN N

NNN-

NN

o unnu

A-8-4

2.000E+04
0.000E+00
0.000E+00
7.000E+02
0.000E+00

NO

2.000E+04
0.000E+00
0.000E+00
1.350E+03
0.000E+00

NO

2.000E+04
0.000E+00
0.000E+00
7.450E+02
0.000E+00

NO




A-R-5

7 7.1630E+03 7.1630E+03 7.1630E+03
Total 2.0448E+04 2.0448E+04

1 NATURAL FREQUENCIES '
MODE Frequency Period % Damping Damped Freq '
1 1.346E+00 7.430E-01 5.000E+00 1.344E+00
2 1.660E+00 6.022E-01 5.000E+00 1.658E+00
3 1.987E+00 5.034E-01 5.175E+00 1.984E+00
4 6.353E+02 1.574E-03 1.057E+03 Complex l
5 9.293E+02 1.076E-03 1.546E+03 Complex
6 9.318E+02 1.073E-03 1.550E+03 Complex
7 1.182E+03 8.457E-04 1.967E+03 Complex
8 1.204E+03 8.305E-04 2.003E+03 Complex .
) 1.526E+05 6.553E-06 2.538E+05 Complex
10 2.453E+05 4 .077E-06 4 .080E+05 Complex
11 7.075E+05 1.413E-06 1.177E+06 Complex l
12 7 .514E+05 1.331E-06 1.250E+06 Complex
RAYLEIGH DAMPING Alpha= 4.67048E-01 Beta= 5.29414E-03
1 MODAL PROPERTIES - 1 Excitation Components l
MODE Part-Fact Eff-Mass %-M
1 6.421E-01 2.949E+01 56
2 2.008E-11 2.135E-20 56 I
3 6.421E-01 2.345E+01 100
4 -4.700E-11 1.324E-20 100
5 2.876E-06 3.696E-10 100 '
1 NORMAI: MODES OF THE FRAME
NODE D.o.f. Mode 1 Mode 2 Mode 3 Mode 4 Mode 5
1 X-Disp. 5.573E-01 ~-8.821E-07 1.000E+00 -4 203E-01 7.925E-01 l
1 Y—Disp. -7.466E-01 1.000E+00 7.466E-01 1.826E-02 1.000E+00
1 Z-Rotn. 5.386E-04 4.160E-09 -5.386E-04 1.402E-03 -2.308E-03
3 X-Disp. 5.573E-01 8.822E-07 1.000E+00 4.203E-01 7.925E-01
3 Y-Disp. 7.466E-01 1.000E+00 -7.466E-01 1.826E-02 -1.000E+00 l
3 Z-Rotn. 5.386E-04 -4.160E-09 -5.386E-04 -1.402E-03 -2.308E-03
5 X-Disp. 1.000E+00 -8.930E-07 5.574E-01 2.930E-01 -3.387E-01
) Y-Disp. -7.466E-01 1.000E+00 7.466E-01 -7.802E~-03 -6.281E-01 .
5 Z-Rotmn. 5.386E-04 -8.144E-09 -5.386E-04 1.459E-03 1.532E-04
7 X-Disp. 1.000E+00 8.930E-07 5.574E-01 -2.930E-01 -3.387E-01
7 Y—Disp. 7.466E-01 1.000E+00 -7.466E-01 -7.802E-03 6.281E-01
7 Z-Rotn. 5.386E-04 8.144E-09 -5.386E-04 -1.459E-03 1.532E-04 '
9 X-Disp. 8.646E-01 2.007E-11 6.927E-01 -6.313E-12 -6.555E-02
9 Y-Disp. -2.018E-11 1.000E+00 -1.110E-11 1.000E+00 -2.587E-10
9 Z-Rotn. 5.386E-04 2.478E-15 -5.386E-04 -3.406E-15 6.466E-04 l




DATA For heTHeD D A-v-1
METHOD D ANALYSIS OF NAVY WHARF (Inelastic Time History)
201000
2029 9 6 13 386.2 2. 2. 0.01 20 1.5
52011. 10 5. 5.
2
NODES 0
1 -3786 570.5 0 0 0
2 -3796 570.5 1 11
3 -1014 570.5 0 0 0
4 -1024 570.5 1 11
5 -3786 -251.3 0 0 0
6 -3796 -251.3 11 1
7 -1014 -251.3 0 0 ©
8 -1024 -251.3 111
9 -2400. 0. 00 000 0 3 EETHDD D INPUT DATA
10 -5 00000003
11 1014 570.5 0 0 O
12 1004 570.5 1 1 1 2 pages.
13 3786 570.5 0 0 O
14 3776 570.5 1 1 1

15 1014 -251.3 0 0 O
16 1004 -251.3 1 11
17 3786 -251.3 0 0 O
18 3776 -251.3 1 1 1

19 2400. 0. 0 0 0 0 0 0 3
205 0. 0000003
ELEMENTS 3
1112 000
2134 ‘
3256

4 27 8

5513

6 557

7315

8 337

96 19

10 6 3 9

11 4 5 9

12 4 7 9

13 1 11 12

14 1 13 14 0 0 O
15 2 15 16

16 2 17 18

17 5 11 13

18 5 15 17

19 3 11 15

20 3 13 17

21 6 11 19

22 6 13 19

23 4 15 19

24 4 17 19

25 7 3 10

26 7 11 20

27 8 7 10

28 8 15 20

29 910 20 000
PROPS

1 SPRING

14 0 0 2800. 2800. 10000. 0. 0.0553 1.
3630 -3630 3630 -3630 3630000 -3630000

A—-%I



A-D2

0.5 0.5 1 2

2 SPRING

1400 81.5 81.5 1000. 0. 0.631 1.

326 -326 326 -326 326000 -326000

0.5 0.5 1 2

3 FRAME

1000

47700. 20000. 100000. 0. 500000. 0. 400. 400.
4 FRAME

1

47700. 20000. 100000. 0. 500000. 0. 700. 700.
5 FRAME

1

47700. 20000. 100000. 0. 500000. 0. 1350 1350
6 FRAME

1

47700. 20000. 100000. 0. 500000. 0. 745. 745.
7 FRAME

1

47700. 20000. 100000. 0. 500000. 0. 575. 575.
8 FRAME

1

47700. 20000. 100000. 0. 500000. 0. 515. 515.
9 FRAME

11 :

47700. 20000. 100000. 0. 500000.

WEIGHTS O

1 3061 3061 3061

3 3061 3061 3061

5 7163 7163 7163

7 7163 7163 7163

11 3061 3061 3061

13 3061 3061 3061

15 7163 7163 7163

17 7163 7163 7163

LOADS

1 0. 0. 0.

EQUAKE

010.011.0 -1

START

A-32




A-p3,

DATE: 16 FEBRUARY 2000 TIME 8:28: .46

STRUCTURE

METHOD D ANALYSIS OF NAVY WHARF (Inelastic Time History)

ANALYSIS DETAILS

Analysis Type : In-elastic

Time Variation: Time-history - Newmark (Beta = 0.25)

Mass Matrix : Lumped

Damping Matrix: Alpha* [Mass] +Beta* [Initial Stiffness] Rayleigh Damping
Earthquake Excitation with 1 Accelerogram Components

Binary post-processor (.RES) file

Small Displacement analysis

STRUCTURAL DATA

——-—;ﬂ-)—---;——" | meTHOD D
Number of Space Dimensions 2
Number of Equations per Node 3 RUAVMORO DATA ECHO
Number of Nodes 20 +MODAL RESVLTS
No.Apparent Degrees of Freedom 60
Number of Members 29 é pages
Number of Member Sections 9
Number of Mode Shapes Required 6
Pictures of Displaced Frame NO
Acceleration of Gravity 386.200
% Critical Damping Mode 1= 2.00
% Critical Damping Mode 3 = 2.00

TIME-HISTORY DATA

Excitation Time-step .01000 Seconds
Duration of Excitation 20.000 Seconds
Excitation Multiplier 1.500E+00
No. Steps between Print-outs 5
No. Steps between Disk Output 2
No. Steps between Pictures 0
ScreenPlot Mutiplier 10.000
Max. X Displace. (Screen) 5.000
Max. Y Displace. (Screen) 5.000
Max. Cycles of Newton-Raphson 2
Max. Cycles Damping Iteration 0
Force Norm Limit 1.000E-03
Wave Velocity - X axis. 0.000E+00
Wave Velocity - Y axis. 0.000E+00
1st Quake component from X .000 Degrees
DYNAPLOT Nodal Output: Displacement, Damping Force, Inertia Force & Load
1NODE POSITION OF NODES NODE FIXITY MASTER NODE OouUTPUT
No. X Co-ord Y Co-ord X Y z X Y Z Flag
1 -3.7860E+03 5.7050E+02 0 0 0 0 0] 0 0
2 -3.7960E+03 5.7050E+02 1 1 1 0 0 0 0]
3 -1.0140E+03 5.7050E+02 0 o 0 0 0 0 0
4 -1.0240E+03 5.7050E+02 1 1 1 0 0 0 0
5 -3.7860E+03-2.5130E+02 0 0 0 0 0 0 0
6 -3.7960E+03-2.5130E+02 1 1 1 0 0 0 0
7 -1.0140E+03-2.5130E+02 0 0 0 0 O 0 0
8 -1.0240E+03-2.5130E+02 1 1 1 0 0] 0 0

n-33



A-D-4 l
9 -2.4000E+03 0.0000E+00 0 0 0 0 0 0 3
10 -5.0000E+00 0.0000E+00 0 0 0] 0 ¢] 0 3
11 1.0140E+03 5.7050E+02 0 0 0 0 0 0 0 l
12 1.0040E+03 5.7050E+02 1 1 1 0 0 0 0
13 3.7860E+03 5.7050E+02 0 0 0 0 0 0 0
14 3.7760E+03 5.7050E+02 1 1 1 0 0 0 0 I
15 1.0140E+03-2.5130E+02 0 0 0 0 0 0 0
16 1.0040E+03-2.5130E+02 1 1 1 0 0 0 0
17 3.7860E+03-2.5130E+02 0 0 0 0 0 0 0
18 3.7760E+03-2.5130E+02 1 1 1 0 0 0 0 I
19 .2.4000E+03 0.0000E+00 0 0 0] 0 0 0 3
20 5.0000E+00 0.0000E+00 0 0 0 0 0 0 3
1
MEMBER SECTION NODE NODE NODE NODE NODE OUTPUT l
Number Number Endl End2 Innerl Inner2 zz-axis Flag
1 1 1 2 1 2 0
2 1 3 4 3 4 3 '
3 2 5 6 5 6 3
4 2 7 8 7 8 3
5 5 1 3 1 3 3
6 5 5 7 5 7 3 l
7 3 1 5 1 5 3
8 3 3 7 3 7 3
S ) 1 9 1 9 3
10 6 3 9 3 9 3 '
11 4 5 9 5 S 3
12 4 7 9 7 9 3
13 1 11 12 11 12 3 '
14 1 13 14 13 14 0
15 2 15 16 15 16 3
16 2 17 18 17 18 3
17 5 11 13 11 13 3 '
18 5 15 17 15 17 3
19 3 11 15 11 15 3
20 3 13 17 13 17 3
21 6 11 19 11 19 3
22 6 13 19 13 18 3
23 4 15 19 15 19 3
24 4 17 19 17 19 3 l
25 7 3 10 3 10 3
26 7 11 20 11 20 3
27 8 7 10 7 10 3
28 8 15 20 15 20 3 '
29 9 10 20 10 20 0
1 MEMBER PROPERTIES TABLE
0SECTION NUMBER 1 TYPE=SPRING l
Spring Stiffness in X = 2.800E+03 Spring Stiffness in Y = 2.800E+03
Rotational Stiffness. . = 1.000E+04  Weight/(Unit Length). . = 0.000E+00 l
Bilinear Factor Transln.= .055 Bilinear Factor Rotation= 1.000
Angle Global-Local axes = .000
3 SPRING COMPONENTS - NO INTERACTION - YIELD FORCES AND MOMENTS l
Positive X Force. . = 3.630E+03 Negative X Force. . . =-3.630E+03
Positive Y Force. . . . = 3.630E+03 Negative Y Force. . . . =-3.630E+03
Positive Moment . . = 3.630E+06 Negative Moment . . . . =-3.630E+06 l
Modified Bi-linear TAKEDA Hystersis
ALPHA (Unloading) . . . = .5000 BETA (Reloading) . = .5000
A-3¢ |




N Power Factor. . . . . =

0SECTION NUMBER

Spring Stiffness in X
Rotational Stiffness.
Bilinear Factor Transln.
Angle Global-Local axes

wnnu

3 SPRING COMPONENTS - NO INTERACTION -

Positive X Force.
Positive Y Force. . .
Positive Moment . . .

Modified Bi-linear TAKEDA
ALPHA (Unloading)
N Power Factor. . . . .

]

O0SECTION NUMBER
Elastic Modulus . . .
Cross Sectional Area.
Moment of Inertia . . .
End-block Length End 1
Joint Flexibility End 1
Perfect Hinge at End 1

o nun

Linear Elastic Hysteresis

O0SECTION NUMBER
Elastic Modulus . . . .
Cross Sectional Area.
Moment of Inertia . .
End-block Length End
Joint Flexibility End
Perfect Hinge at End

O

Linear Elastic Hysteresis

O0SECTION NUMBER
Elastic Modulus
Cross Sectional Area.
Moment of Inertia . .
End-block Length End 1
Joint Flexibility End 1
Perfect Hinge at End 1

o nnnn

Linear Elastic Hysteresis

O0SECTION NUMBER
Elastic Modulus
Cross Sectional Area.
Moment of Inertia .
End-block Length End 1
Joint Flexibility End 1
Perfect Hinge at End 1

nnuwnunan

2 TYPE=SPRING

8.150E+01
1.000E+03
.631
.000

3.260E+02
3.260E+02
3.260E+05

Hystersis
.5000
1.

4.770E+04
1.000E+05
5.000E+05
4 .000E+02
0.000E+00

NO

4.770E+04
1.000E+05
5.000E+05
7.000E+02
0.000E+00

NO

4.770E+04
1.000E+05
5.000E+05
1.350E+03
0.000E+00

NO

4.770E+04
1.000E+05
5.000E+05
7.450E+02
0.000E+00

NO

A-35

Unload (1=DRAIN;2=EMORI)

Spring Stiffness in Y
Weight/ (Unit Length) .

nn

Bilinear Factor Rotation=

YIELD FORCES AND MOMENTS

Negative X Force.
Negative Y Force.
Negative Moment

BETA (Reloading)

Unload (1=DRAIN;2= EMORI)—

3 TYPE=FRAME -GIBERSON BEAM

Shear Modulus

Shear Area. . .
Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

4 TYPE=FRAME -GIBERSON BEAM

Shear Modulus . . . .
Shear Area. . .
Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

5 TYPE=FRAME -GIBERSON BEAM

Shear Modulus .
Shear Area. . .
Weight/ (Unit Length)

End-block Length End
Joint Flexibility End
perfect Hinge at End

6 TYPE=FRAME -GIBERSON BEAM

Shear Modulus

Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
perfect Hinge at End

NN

NN

N NN

NN

tonononnn

W nn

L T | S O 1 |

nonodonnn

A-D-5

-3

-3

oOHOON o~NoohlN ok oOoOON

oJoobh

.150E+01
.000E+00

1.000

.260E+02
.260E+02
.260E+05

.5000
2.

.000E+04
.000E+00
.000E+00
.000E+02
.000E+00

NO

.000E+04
.000E+00
.000E+00
.000E+02
.000E+00

NO

.000E+04
.000E+00
.000E+0C
.350E+03
.000E+00

NO

.000E+04
.000E+Q0
.000E+00
.450E+02
.000E+00

NO




Linear Elastic Hysteresis

Shear Modulus . . . .
Shear Area. .
Weight/(Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

O0SECTION NUMBER 7 TYPE=FRAME -GIBERSON BEAM
Elastic Modulus = 4.770E+04
Cross Sectional Area. = 1.000E+05
Moment of Inertia . . = 5.000E+05
End-block Length End 1 = 5.750E+02
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO

0SECTION NUMBER

Linear Elastic Hysteresis

Elastic Modulus . . . = 4.770E+04
Cross Sectional Area. = 1.000E+05
Moment of Inertia . = 5.000E+05
End-block Length End 1 = 5.150E+02
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = NO

Linear Elastic Hysteresis

8 TYPE=FRAME -GIBERSON BEAM

Shear Modulus

Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

Shear Modulus . . . .
Shear Area. .

Weight/ (Unit Length)
End-block Length End
Joint Flexibility End
Perfect Hinge at End

O0SECTION NUMBER 9 TYPE=FRAME -GIBERSON BEAM
Elastic Modulus . . . . = 4.770E+04
Cross Sectional Area. . = 1.000E+05
Moment of Inertia . . . = 5.000E+05
End-block Length .End 1 = 0.000E+00
Joint Flexibility End 1 = 0.000E+00
Perfect Hinge at End 1 = YES

Linear Elastic Hysteresis

1 LUMPED WEIGHT AT NODE
Node X-Weight Y-Weight Z-Rotatn
1 3.061E+03 3.061E+03 3.061E+03
3 3.061E+03 3.061lE+03 3.061E+03
5 7.163E+03 7.163E+03 7.163E+03
7 7.163E+03 7.163E+03 7.163E+03
11 3.061E+03 3.061E+03 3.061E+03
13 3.061E+03 3.061E+03 3.061E+03
15 7.163E+03 7.163E+03 7.163E+03
17 7.163E+03 7.163E+03 7.163E+03
1 STATIC LOADING
Node X-Force Y-Force Z-Moment
1 .
EXCITATION COMPONENT 1 is in "™ BERG " FORMAT

In FILE. . .EL40NSC.EQB
First Line Number.= 1
Digitizing DT. . .= .010
1/ (Scale-Factor) .= 1.000E+00

Excitation zero padded after End-of-File

Initial Velocity = .000
Initial Displacemt= .000
Time Scale = 1.000

1FINAL TOTAL

"LUMPED"

NODAL WEIGHT

NN
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A-D-6

.000E+04
.000E+00
.000E+00
.750E+02
.000E+00

NO

ouUMoo

2.000E+04
0.000E+00
0.000E+00
5.150E+02
0.000E+00

NO

2.000E+04
0.000E+00
0.000E+00
0.000E+00
0.000E+00

NO
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MODAL PROPERTIES -

MODE

2
O
g
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X Dirtn.

.0610E+03
.0610E+03
.1630E+03
.1630E+03
.0610E+03
.0610E+03
.1630E+03
.1630E+03
.0896E+04

BRI W WW

Y Dirtn.

3.0610E+03
3.0610E+03
7.1630E+03
7.1630E+03
3.0610E+03
3.0610E+03
7.1630E+03
7.1630E+03
4 .0896E+04

3.
.0610E+03
.1630E+03
.1630E+03
.0610E+03
.0610E+03
.1630E+03
.1630E+03

Ngwwggw

Theta-2Z
0610E+03

NATURAL FREQUENCIES

Frequency
1.498E+00
1.660E+00
1.730E+00
1.826E+00
2.615E+02
4 .123E+02
6.456E+02
7.802E+02
9.390E+02
9.473E+02
1.143E+03
1.151E+03
1.234E+03
1.257E+03
1.649E+03
1.653E+03
1.527E+05
1.527E+05
2.472E+05
2.472E+05
7.265E+405
7.266E+05
8.608E+05
8.643E+05

% Damping Damped Freq

Period
6.676E-01 2.000E+00
6.022E-01 1.996E+00
5.780E-01 2.000E+00
5.476E-01 2.011E+00
3.823E-03 1.621E+02
2.425E-03 2 .558E+02
1.549E-03 4 .000E+02
1.282E-03 4 .834E+02
1.065E-03 5.818E+02
1.056E-03 5.869E+02
8.751E-04 7.081E+02
8.686E-04 7.134E+02
8.103E-04 7.647E+02
7.953E-04 7.791E+02
6.063E-04 1.022E+03
6.049E-04 1.024E+03
6.547E-06 9.464E+04
6.547E-06 9.464E+04
4 .046E-06 1.532E+05
4 .045E-06 1.532E+05
1.376E-06 4 .501E+05
1.376E-06 4 .502E+05
1.162E-06 5.334E+05
1.157E-06 5.355E+05
.01762E-01

Beta=
1 Excitation Components

1.498E+00
1.660E+00
1.730E+00
1.826E+00
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex
Complex

1.97228E-03

NORMAL MODES OF THE FRAME

Part-Fact Eff-Mass %-M
-6.766E-01 5.606E+01 53
-2.367E-11 5.930E-20 53

2.502E-03 2.373E-04 53

6.781E-01 4.983E+01 100

1.161E-05 8.151E-09 100
-1.176E-09 9.629E-17 100
D.o.E. Mode 1 Mode 2
X-Disp. -6.300E-01 8.174E-06 -2
Y-Disp. 1.000E+00 1.000E+00 -5.
Z-Rotn. -2.648E-04 -1.139E-08 4
X-Disp. -6.300E-01 9.211E-06 -2
Y-Disp. 2.660E-01 9.999E-01 5.
Z-Rotn. -2.648E-04 -1.594E-08 4
X—Disp. -8.476E-01 -5.233E-06 1.
Y—Disp. 1.000E+00 1.000E+00 -5.

A-37

Mode 3

.367E-01

749E-01

.165E-04
.367E-01

797E-01

.165E-04

056E-01
749E-01

Mode 4
8.470E-01
1.000E+00

-2.657E-04
8.470E-01
2.633E-01

-2.658E-04
6.286E-01
1.000E+00

Mode 5

.403E-01
.176E-01
.174E-03
.499E-02
.660E-01
.461E-04
.337E-01
.515E-01

A-D-7

Mode 6
8.152E-01
6.661E-02
1.380E-04
7.818E-01
1.894E-02

~2.930E-04
1.000E+00
-2.68%9E-02
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10
10
11
11
11
13
13
13
15
15
15
17
17
17
19
19
19
20
20
20

Z-Rotn. -2.648E-04
X-Disp. -8.476E-01
Y-Disp. 2.660E-01
Z-Rotn. -2.648E-04
X-Disp. -7.810E-01
Y-Disp. 6.330E-01
Z-Rotn. -2.648E-04
X-Disp. -7.810E-01
Y-Disp. -1.210E-03
Z~Rotn. -2.648E-04
X-Disp. -6.312E-01
Y-Disp. -2.689E-01
Z-Rotn. -2.627E-04
X-Disp. -6.312E-01
Y-Disp. -9.971E-01
Z-Rotn. -2.627E-04

X-Disp. -8.471E-01
Y-Disp. -2.689E-01

Z-Rotn. -2.627E-04
X-Disp. -8.471E-01
Y-Disp. -9.971E-01
Z-Rotn. -2.627E-04
X-Disp. -7.810E-01
Y-Disp. -6.330E-01
Z-Rotn. -2.627E-04
X-Disp. -7.810E-01
Y-Disp. -3.827E-03
Z-Rotn. -2.627E-04

-2.381E-08 4.165E-04
-4.187E-06 1.056E-01
1.000E+00 5.797E-01
-1.458E-08 4.165E-04
~-1.544E-07 9.001E-04
1.000E+00 2.432E-03
-1.717E-08 4.165E-04
-7.812E-11 8.980E-04
9.999E-01 1.000E+00
-1.712E-08 4.165E-04
-9.211E-06 2.387E-01
9.999E-01 5.753E-01
1.594E-08 -4.168E-04
-8.174E-06 2.387E-01
1.000E+00 -5.801E-01
1.139E-08 -4.168E-04
4.187E-06 -1.038E-01
1.000E+00 5.753E-01
1.458E-08 -4.168E-04
5.233E-06 ~1.038E-01
1.000E+00 -5.801E-01
2.381E-08 -4.168E-04
1.543E-07 8.931E-04
1.000E+00 -2.400E-03
1.717E-08 -4.168E-04
3.074E-11 8.952E-04
9.999E-01 9.958E-01
1.712E-08 -4.168E-04
A-%%

-2.658E-04
6.286E-01
2.633E-01

-2.658E-04
6.954E-01
6.316E-01

-2.658E-04
6.954E-01

-4.886E-03

-2.658E-04
8.440E-01

-2.705E-01

-2.606E-04
8.440E-01

-9.928E-01

-2.606E-04
6.299E-01

-2.705E-01

-2.606E-04
6.299E-01

-9.928E-01

-2.606E-04
6.954E-01

-6.316E-01

-2.606E-04
6.954E-01

-7.503E-03

-2.606E-04

-1.242E-03
8.954E-02
-9.973E-01
5.432E-04
-1.308E-02
-9.832E-01
-5.239E-04
8.486E-02
-3.788E-01
5.374E-04
-9.7%90E-02
9.686E-01
5.336E-04
4 .385E-01
-2.201E-01
-1.184E-03
8.817E-02
1.000E+00
5.309E-04
-2.371E-01
-2.542E-01
-1.253E-03
-1.570E-02
9.826E-01
-5.161E-04
8.451E-02
3.729E-01
5.677E-04

A~-D-%

3.
5.
-8.
-2,
.799E-01
.942E-01
.361E-06
.940E-01
.293E-01
.044E-04
.791E-01
.611E-02
.843E-04
.181E-01
.716E-02
.286E-04
.746E-01
.116E-02
.479E-04 .
.982E-01
.600E-02
.517E-04
.798E-01
.867E-01
.249E-07
.947E-01
.240E-01
.877E-04

617E-04
729E-01
087E-03
566E-04



